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PREFACE  TO  THE  SEVENTH  EDITION. 


In  the  re\'ision  of  this  text-book  in  response  to  the  call  for  a  new 
edition  but  few  changes  have  been  found  necessary  in  the  general 
character  and  form  of  the  book. 

The  spelling  of  chemical  names  used  in  former  editions  has  been 
retained  for  reasons  stated  therein. 

An  attempt  ^as  been  made  to  correct  all  t\'pographical  errors  and 
misleading  statements  of  the  last  edition,  so  far  as  they  have  been 
detected.  A  considerable  number  of  changes  have  been  made  in  parts 
IV  and  V  and  some  pages  have  been  rewritten.  In  part  IV  the 
section  devoted  to  the  proteins  has  been  re^^ritten  and  made  to  conform 
with  the  nomenclature  and  classification  recommended  by  the  Com- 
mittees of  the  American  Ph)'siological  Society  and  the  Society  of  Biolog- 
ical Chemists.  In  the  revision  of  a  text-book  there  is  a  constant  tempta- 
tion to  add  to  its  size  by  the  introduction  of  new  topics.  This  has  not 
been  done,  because  it  was  felt  that  this  book  now  contains  all  the  essentials 
of  chemistry  needed  by  the  medical  student  for  which  it  was  written. 

It  is  believed  that  in  teaching  chemistry  to  medical  students  we 
should  keep  in  mind  the  applications  of  the  science  to  practical  medi- 
cine. This  has  been  emphasized  in  part  V,  and  for  this  reason  many 
substances  properly  belonging  under  the  head  of  Physiological  Chemis- 
try have  been  omitted,  to  make  room  for  a  discussion  of  the  clinical 
applications.  The  index  has  been  made  as  full  as  practicable,  to  en- 
hance its  value  for  ready  reference.  The  author  would  renew  his 
thanks  to  the  publishers  for  the  loan  of  cuts  from  Landois  and 
Stirling's  "  Ph>'siolog)'." 

E.  H.  B. 
Brooklyn,  November  20,  1909. 
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PREFACE  TO  THE  SIXTH  EDITION. 


In  revising  this  text-book  for  a  new  edition  the  author  has  aimecj 
lo  bring  it  abreast  of  the  limes,  and  presenl  such  of  the  established 
facts  and  theories  of  chcmistr}'  as  he  believes  w-ill  be  needed  by  medicaJ 
and  pharmaceutical  studenls  during  attendance  on  lectures.  While 
we  seem  lo  be  on  the  threshold  of  a  modihcation  of  our  conception  of 
the  atom  and  the  ultimate  constitution  of  matter,  these  newer  ideas  are 
not  yet  in  shape  to  present  to  students  as  established  facts.  Physical 
cheraistry^  has  made  rapid  strides  in  recent  years  and  become  of  great 
importance  to  the  chemist,  but,  vv*ith  the  ejtception  of  osmotic  pressure, 
ayoscopy,  electrical  dissociation,  and  the  properties  of  solutions,  the 
subjects  usually  grouped  under  this  heading  are  of  little  interest  to 
the  medical  student,  and  have  been  omitted.  The  general  plan  of  the 
book  has  not  been  changed,  but  considerable  change  will  be  observed 
in  the  arrangement  of  subjects,  which  it  is  hoped  wiU  prove  more 
logical  and  easier  for  the  student. 

To  avoid  Increasing  the  size  of  the  volume,  certain  less  important 
subjects  have  been  printed  in  smaller  type  and  the  description  of  a 
number  of  analytical  processes  have  been  dismissed,  because  this  is 
not  a  kboratoiy  manual.  The  analytical  processes  retained  have  been 
put  in  snaller  type.  This  has  permitted  the  introduction  of  much 
new  matter  without  increaang  the  number  of  pages.  The  spelling 
of  chemical  names  used  in  the  last  edition  has  been  retained,  for  the 
reasons  stated  in  the  preface  to  that  edition.  The  chemical  name, 
synonyms,  and,  of  official  substances,  the  pharmacopa^ial  name  have 
been  given  at  the  head  of  each  descriptive  section.  In  the  revision 
niany  authorities  have  been  consulted,  including  the  latest  editions  of 
pharmacc^KTias  of  the  United  Slates  and  Great  Britain.  Special 
mention  should  be  made,  however,  of  Hoppe-Seyler's  '^Handbucb  der 
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Physiolog.  und  Patholog.  Chemischen  Analyse "  and  Bottazi's 
"  Physiologische  Chemie." 

To  enhance  its  value  as  a  handy  reference  book,  much  care  has 
been  taken  to  make  the  index  as  complete  as  possible. 

The  author  would  renew  his  thanks  to  the  publishers  for  the  loan 
of  cuts  from  Landois  and  Stirling's  **  Physiology."  He  would  grate- 
fully acknowledge  his  indebtedness  to  Dr.  William  Schroeder,  Jr.,  for 
valuable  suggestions  and  assistance  in  revising  the  proof-sheets. 

E.  H.  B. 

Brooklyn,  September  i,  1905. 
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PART  I 


iNTRODUCTION. 


I 


DEFINITIONS. 

ScteAce  is  a  systematic  and  orderly  arrangement  of  knowledge.  It 
ii  fofLDded  upon  observation  and  experiment.  A  theoty  is  a  deduction 
from  cstriiUslied  facts.  Theories  are  subject  to  changes  as  new  facts 
appear,  while  the  facts  themselves  remain  the  same.  A  hypothesis 
k  1  supposition  brought  forward  to  explain  facts  or  pheotimeoa. 
Rfttiiml  science  treats  of  the  external  appearance  and  internal 
strurture  of  tatural  tibject:*.  Examples:  Botany,  zoology,  and  min- 
cnJogy  deal  with  the  classitication  and  structure  of  planLs,  animals, 
lad  mtncnils  respectively,  and  are,  therefore,  natural  sciences. 

Physical  science  treats  of  the  properties  and  phenomena  of  the 
■taller  ol  which  bcxlies  are  composed.  Matter  is  anything  which 
pn»tffi»ft  eattensioii,  inertia,  weight,  etc.  The  properties  of  a  body 
arr  the  peculiar  quah'ties  by  which  it  makes  itself  known  to  us;  as 
color,  ioUdiiy^  odor,  taste,  etc.  A  phenomenoit  is  any  apparent  change 
in  Qialter  or  in  its  relations  to  other  matter.  Physics  ts  that  branch 
irf  pliysical  science  which  treaLn  of  the  phenomena  presented  to  us  by 
lodiea  or  maases  of  mutter  as  such. 

QlOElist^  is  that  branch  of  physical  science  which  treats  of  the 
Bhimate  ami|M>sition  of  bcKiies  and  the  changes  which  this  comjKi- 
whkm  may  undergo, 

nfdrt  irarht^  m%  ttiit  wattf  h  hot  or  coW;  that  it  may  csrfsl  as  si  earn,  lirjuid 
^nt^t  f  ^  !  s  iiH  ihAt  ii  f^  romfiosfd  of  two  gastfSp  tiiflcd  hydn  t* 

^m  90*1  '  of  2  of  the  former  tct  t  of  the  liittcr,  by  volume, 

mad  1  €d  it^  iMfHUT  u>  ^  ^►i  UM-  laitpr,  by  wetglii.     U  also  leaches  us  Ur/w  wr  can 
y&vm  tto  to  be  tnM*. 

M-*  -ties  which  arc  common  to  a  Illjodfes, 

aad  *  the  general  propertieB  of  mnlter; 

iodi  mt  ii>di!»irucijtMlity,  impenetraljiUty,  di visibility ,  mobility,  aitrac- 


9  MEDICAL   CHEMISTRY. 

I  ton  or  gravitation,  porosity ,  chemism,  and  inertia.  Specific  proper- 
ties are  such  as  are  observed  in  certain  bodies  only;  such  as  color» 
hardness  J  fluidity,  transparena%  etc. 

Matter  is  Indestructible,— What  we  generally  term  destruction 
is  merely  a  change  of  furm.  Wlien  wood  bums  it  is  only  changed 
into  invisible  gases,  which  go  off  into  the  air.  These  gases  may  be 
collected,  and  by  analysis  we  may  get  back  the  elements  of  the  wood 
again.  Whatever  changes  we  may  produce  In  a  body  or  mass  of 
matter,  we  can  neither  create  nor  destroy  one  particle  of  it;  the  same 
weight  of  matter  remains  after  the  change,  as  before. 

Matter  Is  Impenetrable. — That  is,  two  portions  of  matter  can 
not  occupy  the  same  place  at  the  same  time.  Strictly  speaking,  this 
applies  only  to  the  ultimate  particles  of  a  body.  In  many  phenomena 
bodies  do  seem  to  penetrate  each  other.  For  instance,  the  volume 
of  a  mixture  of  salt  and  water,  or  of  alcohol  and  water,  is  less  than 
the  sum  of  the  volumes  before  they  are  mixed.  In  these  cases  the 
penetration  is  only  apparent.  The  penetration  of  the  w*ater  by  tlie 
salt  is  due  to  the  fact  that  water,  like  all  other  bodies,  is  porous;  that 
is,  it  has  spaces  or  interstices  between  the  ultimate  particles  of  which 
the  mass  is  composed,  which  are  unoccupied  by  matter,  and  into  which 
the  particles  of  salt  crowd  themselves. 

Divisibility,^ Four  divisions  of  matter  are  recognized — viz., 
masses,  molecules,  atoms,  and  corpuscles. 

A  mass  or  body  is  any  distinct  portion  of  matter  appreciable  to 
the  senses, 

A  molecule  (a  little  mass)  is  the  smallest  particle  of  matter  that 
can  be  obtained  by  subdividing  a  mass  by  mechanical  or  physical 
means.  A  molecule  of  chalk  is  the  smaUest  particle  of  chalk  that 
can  exist. 

The  molecuk'S  are  too  smaU  to  be  seea  by  the  itid  of  the  most  powerful  micro- 
scope; thtir  size,  however,  is  approxiraately  known.  The  stnalle&t  particle  that 
can  be  seen  with  ihc  best  microscope  of  to-day  ia  nFoWiF  *^  iroVoeff  ^f  ^^  ^"^h  in 
dianicter.     The  diameter  of  an  average  molecule  is  about  xinriysnr  ^^  ^  miliimeter* 

An  atom  is  the  smallest  particle  into  which  any  given  kind  of 
matter  can  be  divided  by  chemical  action.  It  is  one  of  the  component 
parts  of  a  molecule.  Atoms  are  now  believed  to  be  made  up  of 
smaller  particles  called  coqjuscles. 

The  atom  is,  therefore,  supposed  to  be  a  solid  body,  with  a  definite 
weight,  possessing  a  definite  quantity  of  electricity  or  of  force  qi 
attraction  for  other  atoms^  which  force  or  electric  charge  is  neutralized 
by  the  approach  of  the  requisite  number  of  atoms  ha^dng  an  opposite 
electric  charge. 

Atoms  tend  to  collect  in  groups  called  molecules,  because  of  their 
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aitmctitio  for  one  another,  A  molecule  is  a  coUeclioJi  of  atoms,  and 
t  cotlecUon  of  molecules  forms  a  mass  or  body, 

Mobility.^Ali  nmiier  is  in  a  state  of  constant  motion.  The 
molioii  of  oxassesi  or  mechanical  motion ,  is  treated  of  in  works  on 
mechanics.  The  motions  of  molecule-s  give  me  to  the  phenomena 
grouped  under  the  name  of  ihe  physical  forces.  Light,  heat, 
electiicitjTi  radiaot  energy^  and  magnetism  are  different  mani- 
festations of  the  motions  of  the  molecules  composing  the  lj<xiy  which 
exhrbit5  themu     Of  the  motion:^  of  atoms  little  is  known  with  certainty. 

Gravitation  is  an  attraction  which  exists  between  all  massei^  of 
Quitter.  The  law  of  gravitation  states  that  the  force  of  gravi- 
tatiofi  is  directly  proportional  to  the  mass,  and  inversely 
^portional  to  the  square  of  the  distartce.  That  is,  the 
tttiactiDCi  between  any  two  bodies  will  be  four  Umes  as  great  when 
ooe  foot  apart  as  when  two  feet  apart. 

Wha^t  is  known  as  the  weight  of  a  body,  is  the  measure  of  the  attrac- 
taofi  between  it  and  the  earth,  at  or  near  the  surface  of  the  la  tier*  For 
Isbk  of  weights^  see  Appendix. 

By  IDAS8  beie,  we  me^m  the  weight  of  matter,  and  not  the  volume. 

By  ipedfic  gravity  (sp,  gr,)  is  meant  the  relative  weight  of  equal 
votomes  of  bodies,  assumed  to  be  under  like  conditions  of  temperature 
wti  pressure.  In  companng  the  weights  of  equal  volumes  of  different 
bodies,  they  are  all  referred  to  an  assumed  standard.  The  Pharma- 
mpmat  siamdofd  for  liquids  and  solids  is  pure  water  weighed  at  a  tem* 
penliue  of  as**  C.  (77**  F.),  the  average  room  temperature-  Sometimes 
tkeaspuoed  temperature  b  4°  C.  (39^  F,)j  but  more  frequently  t$^  C- 

Bmmtf  u  iomrtiints  used  as  .^.ynonjTuous  %ilh  sptdfir  gravity.    Sulphur, 
^T  mt^c  lemvity  ii  a*  wcigha  t*iL«  as.  much,  volume  for  volume,  as  pure  water; 
Akolaal.  whose  ipcdfic  gravity  b  o  J35,  weighs  0.825  time&  as  much  as  pure 
',  ^duinr  fof  vtjlume, 

j^^.-  .1 _  :►-    .._..  ...  ^i  t-ttses  or  vapors,  the  standard  of  compaHsoti  is 

',  lity  0.1-  .  il  fe  more  convcnicni  to  refer  s|^dfic  gravities 

■i»  U*  i,  ,    ,.,  ,  r:  —  ,  --. senate  ihi^  aa  the  density  and  nni  the  jpctiiic 

iltf^  mhkch  lerro  tvkj^  to  air  a»  the  standard.    The  dcnsJiy  of  hydr^n  gas  is 
«nnr  1. 

Tbe  di  lire  air  ia  t4<44^ — »♦  ^.»  air  weighs^  volume  for  volumr,  14.4*1 

i»  a»  inc  fogcn.  both  gav^  being  weighed  at  the  smne  temperature  and 

By  dtHilty  h  meant  the  ^p.  pr*  of  a  gas  referred  to  hydrogen  gas 

as  a  stacuiani.     r>cmity  h  a  voy  impivrtant  factor  in  the  study  of 

f^  and  siioulil  be  well  unticr^tood. 

ibm  the  Sp.  Gr.  of  a  Solid,— The  sp*  gr.  of  solids  | 
aj  be  dctrrmmoi  hv  first  wei^hmR  the  body  in  the  air,  and  then 
iratcr  at  the  n^qyiird  tcnjf>eralure.    This  is  done  by  suspending 


tae  \xjcj  brxn  ooc  beasi  ct  a  l&h^T  b j  £  rircad  cc  fine  wire  To 
-meifb  in  wsac  ii  s  ccJj  dcczss&jt  to  x^Iswdc  i  Tesad  of  irater  so  that 
tbt  sasj^Kwed  ix^fj  rsatj  bars  ri  ibc  -suits'  cc  d-ijsii  upon  h.  A  body 
wluch  siliks  in  wm£tr  displMcts  a  Tofamie  of  water  equal 
to  its  ovn,  and  loses  in  ve4^  ^n  amount  equal  to  the  wei^t 
of  the  wauer  displaced.  Ti*  kss  in  the  w«dit  ci  tiie  body 
vben  wedgbei  iii  wLter  tIL  tbercf  :iit,  be  ihc  m^eigjit  oi  its  own  votume 
kA  wsLler.  Bj  diridiiig  ibe  wc^t  c<  the  body  in  air  by  tbe  loss  of 
wei^  in  water,  the  sp.  gr.  is  obiained- 

Tka&,  s=r^/prjx  a  Ix«2t  vdi^is  6.23c  gn.  in  jlzt  aad  5.100  gr^i  in  water.  The 
koB  of  vdighi  in  vaier  k  6.200 — 3^100  =  5.10c  gm,,  wfirh  icpsesents  the  wei^t 
€d  ti3c  Taicr  <tis}iaccd  bj  the  bocr.  or  the  wi^  ci  its  volume  of  water.  The 
tp.  gr.  c^  the  boCT  vill  thm  be  loosd  hr  diiidiug  izs  wdight  in  air,  or  6.200  gm., 
br  die  vei^u  of  an  eqaal  voicrae  o€  valcT,  or  5.100  gm..,  ghring  a  sp.  gr.  of  2. 

l\lien  the  body  in  qiiestion  will  not  ank,  we  may  attach  a  sinker 
to  it  whose  weight  in  air  aixi  loss  of  we^t  when  sii^)eiided  in  water 
aie  known.  The  wei^t  of  the  body  in  air  is  taken,  the  sinker  at- 
tached, and  both  lowered  into  the  water  and  again  we^ed.  The  loss 
in  weight  will  represent  the  loss  of  weight  of  both  die  solid  and  sinker. 
Deduct  the  known  loss  cf  the  sinker,  and  the  remainder  wiU  repre- 
sent the  weight  of  a  vc^ume  of  water  equal  to  that  of  the  body  in  ques- 
tion,  whence  the  ^.  gr.  may  be  found  as  above.  Bodies  which  are 
soluble  in  water  may  be  suspended  in  some  liquid  of  known  sp.  gr. 
in  which  they  are  insoluble. 

Thus,  let  it  be  desired  to  obtain  the  sp.  gr.  of  a  himp  of  cane  sugar.  Suppose 
it  weighs  in  air  10  gm.,  and  in  oQ  of  turpentine  (sp.  gr.  0.87)  4.562  gm.  Lo^  »  10.0 
— ^4.522  =  S-AS^  g™-  '®-®  "^  S-438  =  i-^  *s  the  sp.  gr.  referred  to  turpentine. 
Multiply  this  result  by  0.87,  the  ^  gr.  of  the  turpentine,  and  we  have  1.60  as  the 
true  sp.  gr.  of  the  sugar. 

The  sp.  gr.  of  a  powder  is  obtained  by  partly  filling  a  small  flask 
or  bottle  (Fig.  i)  with  it  and  weiring  botib,  the  weight  of  the  empty 
flasky  as  well  as  the  weight  of  water  it  will  contain,  having  been  previ- 
ously ascertained.  The  flask  is  then  filled  with  pure  water  and  again 
weighed.  The  difference  between  the  last  weight  and  the  first  will  be 
the  weight  of  the  water  in  the  flask.  The  difference  between  this 
weight  and  the  weight  of  the  water  the  flask  will  contain  when  full, 
will  give  the  weight  of  the  water  displaced  by  the  powder,  or  the  weight 
of  a  volume  of  water  equal  to  that  of  the  powder  in  the  bottle.  The 
sp.  gr.  will  be  found  by  dividing  the  weight  of  water  displaced  by  the 
weight  of  the  powder. 

The  sp.  gr.  of  liquids  is  obtained  by  means  of  the  flask  above 
mentioned,  called  a  picnometer  or  specific  gravity  flask,  made  to 
contain  a  certain  number  of  grams  or  grains  of  water  at  some  selected 
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feoipefature  which,  with  the  capacity,  is  usually  marked  upon  it.     (See 
Fig,  t,)     To  take  the  sp,  gr,  of  a  liquid  it  h  only  necessary  to  weigh 
the  fiask,  filled  with  the  liquid  in  question  brought  to  the  requisite 
tcmpcmturei  deduct  the  weight  of  the  flask,  and  divide  the 
iflakifider  by  the  known  contents  of  the  flask.     The  sp,  gr. 
of  liquids  is  frequently  determined  also  by  an  instrumenl 
called  31  hydrometer. 

HydrOJBCters  are  long,  niirrow,  glass  or  metal  tubes 

baviDg  an  air  chamber  near  the  l>olttim,  to  make  ihem  Jlqat 

upt%llt«  and  a  smaller  chamber  bekm^  this  containing 

eoougfi  roercuiy  or  small  sbot  to  sink  them  to  a  convenient 

depth  in  water.     The  hydrometer  (see  Fig.  2)  acts  upon 

die  principle  of  Archimedes,  that  a  body  specifically  lighter  than  a 

Uquici  sinks  in  it  until  it  displaces  a  volume  of  liquid  whose  weight 

b  «|iiai  to  its  own,  when  it  becomes  stationa^>^     The  long,  narrow 

stem  composing  the  upper  end  of  the  instrument  bears  a 

^^^L      1^  scale  indicating  the  sp.  gr.  by  the  depth  to  which  the 

^^^P      IT  scale  sinks  in  the  liquid. 

^^^^       U  Hydrometers  are  of  two  kinds:   (i)  for  liquids  heavier 

^^^       tt  than  water,  and  {2)  for  liquids  lighter  than  water.    Special 

^^K      I  hydrometers  are  constructed  for  use  In  certain  special 

^^"       11  liquids,  and  some  with  a  scale  giving  arbitrary  degrees 

H  I  andnotsp«gr. 

^m  11  The  Twaddell  hyd^^meter,  for  example, used  for  liquids 

^M  I  heavier  than  water,  is  so  graduated  that  the  degrees  on  the 

^^K     Jk  scale  mulliplied  by  5  and  added  lo  1000  give  the  sp.  gr. 

^^V     LI  compared  with  water.    The  lactometer  is  a  hydrometer 

^^^      rj  with  a  scale  specially  constructed  for  the  eJtamination  of 

^^^       1/  milk*      TJie  nrinometer  is  a   hydrometer  whose  scale 

^^H    f^  »-         ^  made  i*i  include  the  variations  in  sp.  gr.  founrl  In  urine, 

^^^  To  determine  the  sp*  gr,  of  liquids  with  the  hydrometer, 

k  b  ooljr  neceaary  to  dn>p  the  instrument  Into  the  liquid,  which  must 

br  at  the  temperature  for  which  the  instrument  is  constructed], — whit  h, 

in  this  cuuntry,  l\  usually  60°  F,,— and  then  read  a0  the  sp,  gr.  on 

tile  icaJc  at  iT  o  of  the  liquiiL     (See  Apj>endix  for  table  of 

ip.  £.  of  chief  L  tU.  S.  P) 

■  HoteoilAr  Attraction.— Molecules  attract  one  another*  as  well 

H     ^  fuaoesk     When  moktules  of  the  5^mc  kind  attract  one  another 

tikgf  form  a  homogene^ius  mass,  and  the  force  acting  between  them 

m  caDed  coliasion;   when  the  molecules  are  unliki*  it  k  called  adhe- 

rioo^    A  body  on  being  thrust  into  water  comes  out  wet,  because  the 

wmter  adheres  to  the  Uxly ;  but  if  you  attempt  to  [>ull  it  apart»  cohesion 

httfm  It  togrther 
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6  MEDICAL  CHEMISTRY. 

Capillarj  attrmction  is  a  form  of  attraction  exhibited  by  fluids  in  contact 
with  small  tubes  thrust  into  them,  by  which  the  fluid  is  drawn  up  above  the  surface 
of  the  hquid  in  the  containing  \*essel,  or  depressed  below  the  surface.  When  the 
fluid  rises  abo\-e  the  le\-ei  of  the  hquid  in  the  vessel  it  is  called  capillary  attraction, 
and  when  it  is  depressed  about  the  sides  of  the  tube  or  rod  it  is  called  repulsion. 
Capillar)'  attraction  is  the  result  of  adhesion  between  the  molecules  of  a  hquid  and 
the  material  of  the  tube,  rod,  or  vessel  wetted  by  it.  It  is  shown  best  by  very 
narrow  glass  tubes;  but  it  occurs  in  any  narrow  passage  wetted  by  the  hquid,  as  in 
the  pores  of  porous  bodies  or  membranes. 

Porosity. — Solid  and  liquid  bodies,  as  above  stated,  are  composed 
of  molecules,  in  active  motion,  and,  hence,  there  is  space  between 
them.  These  interspaces  are  called  pores,  and  the  body  is  said  to  be 
porous.    All  matter  is  porous,  and  possesses  the  property  of  porosity. 

Compressibility  is  the  property  of  being  compressed  into  a  smaller 
volume,  and  depends  upon  the  property  of  porosity.  By  compression 
the  molecules  are  brought  closer  together  and  the  size  of  the  pores 
is  diminished. 

Chemism. — Atoms  attract  one  another  by  a  force  called  chemism 
or  chemical  affinity.  Chemism  holds  atoms  together  to  form 
molecules.  It  is  to  the  molecule  what  cohesion  is  to  the  mass.  Like 
cohesion,  it  only  acts  across  inappreciable  spaces. 

Inertia  is  that  property  of  matter  by  virtue  of  which  it  has  no 
power  in  itself  to  change  its  condition.  This  term  is  often  incor- 
rectly limited  to  the  tendency  of  a  body  when  in  motion  to  continue 
in  motion,  and  when  at  rest  to  remain  so.  Chemical  or  physical 
changes  never  take  place  without  the  intervention  of  some  external 
agency. 

Extension  is  that  property  of  matter  by  virtue  of  which  it  occupies 
space.  The  volume  of  a  body  is  the  amount  of  space  it  occupies 
and  implies  extension  in  three  directions:  length,  breadth,  and  thick- 
ness. Extension  in  tii^'o  directions  gives  rise  to  square  measures,  and 
in  one  direction  to  linear  measures.  The  system  of  measures  and 
weights  in  use  in  all  scientific  works  is  that  known  as  the  metric  or 
decimal  system.  In  many  American  and  English  medical  books, 
though  not  in  all,  the  English  system  is  employed,  while  all  nations 
of  Continental  Europe  use  the  metric  system;  so  that  it  is  requisite 
that  the  student  should  be  familiar  with  both.  The  unit  of  the  metric 
system  is  the  meter.  The  meter*  is  the  length  of  a  platinum  bar 
deposited  in  the  public  archives  of  France,  and  is  39.37  inches  in  length. 
The  measure  was  obtained  by  taking  TT.mrV.TOir  P^^^  ^^  ^^^  quadrant 
of  a  meridian  of  the  earth,  or  of  the  distance  from  the  equator  to  the 
pole.    The  ratio  of  increase  and  decrease  of  the  system  is  decimal, 

♦Also  spelled  "metre." 
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and  a>tisequeiitly  this  system  is  sometimes  known  as  the  decimal 
ijstein.  The  multiples  of  all  ihc  measures  and  weigh  is  are  denoted 
by  Gfcck  numerals,  used  us  prelixes,  as  will  tx?  seen  by  reference  to 
the  tfttilee  of  weights  and  measures  in  the  Appendix.  Thus,  in 
flieasuiTs  of  length  we  have  the  meter,  dekameter,  hectometer,  and 
kUfMneter.  The  subdivisions  are  denoted  by  the  Latin  numerals,  thus: 
meter,  decimeter,  centimeter,  and  millimeter* 


Gm^MM^ 

Latht. 

Enguss, 

Chilits. 
Mums. 

Decern. 
Centum. 

MilJe, 

Ttn. 

One  hundred. 
One  ihousand. 
Ten  thousand. 

The  decimal  subdivisions  and  multiples  give  a  simplicity  to  the 
which  enables  them  to  be  easily  learnetl  and  remembered,  and 
mio  use  in  all  calculations  the  easiest  arithmetical  processes. 
In  sc|uare  measure,  measures  of  capacity  or  volume,  and  measures  of 
we^lit  but  few  denominations  are  in  common  use.  In  linear  measure 
the  locitr,  centimeter,  and  millimeter  are  denominations  in  common 
use.  The  micromillimeter  or  micron  is  the  yj^  of  a  millimeter 
f)ifien  indicated  by  the  symbol  /i.  It  is  used  chiefly  in  micni- 
Bieasurements. 

The  liter,  or  cubic  decimeter,  is  eqyal  to  looo  cubic  centimeters. 
The  cubic  centimeter  (abbreviated  c.c.)  and  tenths  of  c,c.  are  the 
uoly  denominations  in  common  use  for  quantities  less  than  the  liter. 
The  half-Uler  and  quarter  liter  are  also  used.  Measures  of  weight  are 
derivcid  from  measures  of  volume,  as  follows: 

The  gnm^  or  gramme,  the  unit  of  weight,  is  the  weight  of  one 
ex.  of  distilled  water,  weighed  in  a  vacuum,  and  at  the  temperatures 
«l  4'  C.  (sq.2^  F,),  the  temperature  at  which  water  has  the  greatest 
ddtfttjr*  The  kilfignim,  gram,  and  milligram  are  the  only  denomina- 
tion cofninoiUy  used  by  chemists. 

Thcnretically.  ihf*  unit  c^f  weight  is  derived  from  that  of  capacity, 
IS  mfaiJTe;  but  .  h  really  determined  by  reference  to  a  standard 

Ulofram  wei|ii  1  i        ,   >  1 1  by  the  French  Government. 

The  c^ipacity  of  vessels  is  determined,  not  by  measure,  but  by 
vetoing  the  pure  water  they  will  hold  at  a  selected  temperature* 

A  liter  measure  is  thcrrfore,  a  v^isel  that  will  hold  exactly  a 
kdnfCram  (1000  gmn.)  of  pure  water  at  the  temperature  at  which  it  is 
10  be  it*rd^  Measuring  instruments  arc  usually  made  of  gkss,  and  are 
'  heir  marked  contents  at  a  lem|>eniture  of  60''  F.  {15.5**  C) 

The  loUowing  table  will  U*  found  tonvrnient  to  memorize,  in  ordef 


I 
I 


^^'^wa^- 


^11  liarmife  wjasx  mup.'jjuaie  Tikies  odIy  are 


:  11  aa.cc  :2e  3.b>:«3Bc  nur  v^es  3r  dsses  kvnr  been  iemied  in 

V--g*  :^.  s'J'.si..  3irTT  .-^.— C»  z  .tub  im  ■  iiii  i^xiy  cjcX  vifcm  a 
'  »53"  *^  *  «*»-  ^CTW  G  tmiMi  I  MMLi  CT  skt»t  mrw  grams  or 
amsa  Aor.     T^ns  siDiivaae  x  ar  jiesasvd  k^  vrifc  for  m.  tvo-ounce 

3i^    TrrqwR  arigpi.^ 15000 

^::^aE. oc  ooc»  or  6c  cjc 

it     S«  — ^^  c-:-  xr  ae. 

A  53 1.]^  •^'  ^ "  "—  "v-iujC  ~:>e   w-u:giL  ^±3.  jiur  «nf  coe^^a^  dcaes  «s  manr  grams 
ss  arrr  jt?  cnss  rr»cuirri  jr  rati  a:ise: 


A^     r  .tas*.  rrrcncL. r  •  50c 

-V:Br> Qc  aoc  or  oc  cx- 

\L    >ix — ^4.  c-:.  :a£r  Sr. 

TbK  pKr;«90trxJir  Irse  s  ^err  :25iec  x:  cc-.ris^r  :^  poskkn  of  &e  <W«-Swtal  potnt. 

It  s  rssSJCxTT  v3±  «ccae  rcurz^aic^s^  ^  veii^  aT  qraTTmirs  vnttm  as  above, 
iBESeKi  oc  rxx5;=±2f  rSr~  I:i  ssc^  caxs  s  s  vdL  to  rcfiacEiber  diat  liqiiuii  have 
verr  3car^  tbe  sa— y  sr.  cr.  as  -saaer.  exrcpdag  t^cer  cootaizdag  die  sahs  of  the 
beaTy  =!«£Ls.  Tbe  SlTii^  asd  ftflculA  bi^np  a  scl  gi^r.  of  abcot  i }.  The  tmc- 
tares  ba^r  a  59.  cr.  cf  abcc:  co-  I2  cases  of  docbc  abxit  tbc  spu  gr.,  direct  the 
qvaazkr  ia  c^bk  cescizxters.  vbea  k  wsH  be  acasared. 


CHEMICAL  PHYSICS. 

Three  States  of  Matter. — ^Tlie  same  body  may  exist  in  diree 
states:  as  a  solid,  liquid,  or  gas.  Nearly  aU  solid  bodies  can  be  changed 
into  the  liquid  or  gaseous  state  by  die  ap|>lication  of  heat.  For  ex- 
ample, when  ice  b  heated  it  mehs  and  assumes  the  liquid  fonn;  if  we 
apply  heat  to  the  water,  it  expands,  is  converted  into  steam,  and  tends 
to  escape  from  the  vessel  containing  it  If  we  confine  the  steam,  it 
exerts  a  strong  pressure  upon  the  walls  of  the  \-essel,  which  increases 
with  the  temperature.  This  and  other  similar  facts  ha\-e  led  to  the 
adoption  of  the  word  force  to  egress  the  nature  of  heat    The  term 
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fofce  may  often  be  foiuid  in  works  on  physics.  The  capacity 
whidi  tUs  fofce  possesses  of  perfonning  work  is  known  as  energy. 
CobesiDn  has  been  defined  as  that  force  or  attraction  which  acts  between 
dmBar  OK^lecules  to  hold  them  together  to  form  a  body  or  mass.  From 
the  above  illustration  we  see  that  heat,  whatever  lE  may  be^  acts  in 
oppoiitioii  to  cohesion,  and  even  destroys  it  altogether,  driving  the 
tarfffiiT'^  off  into  space.  We  have  in  thU,  then,  the  explanation  of 
6m  titicc  states  of  matter.  In  the  solid  state,  cohesion  is  greater 
inn  the  opposite  repellent  force  of  heat,  and  the  molecules  are  hi 
foy  cfc»e  apposition.  In  the  liquid  state,  cohesion  and  the  repellent 
fofce  are  oearly  equal,  the  molecules  being  free  to  move  in  any  direction 
md  to  obey  the  law  of  gravity^^ — i.  ^.,  they  all  tend  to  seek  the  lowest 
Icvei*  In  the  gaseous  state,  the  repellent  force  of  heat  has  entirely 
the  attraction  of  the  molecules  for  one  another;   hence,  they 

lo  fly  olf  into  space,  and  will  do  so  unless  confined  in  a  vessel. 
If  wc  vrillidraw  the  heat  from  a  gas,  or  if  we  compress  it  sufficiently, 
we  may  reduce  it  to  a  liquid,  and  in  many  cases  to  a  solid --i.  «.,  we 
brieig  inhesion  into  play  again. 

he  easy  to  uiidtrslfiiidp  from  the  above*  that  the  molecules  must  be  farther 

tj^  in  Wiitcr^  and  in  water  than  in  ice.     What  is  iniv  of  watt-r  h  irtie 

cspabk  of  existing  in  the  three  states;    for  hc^at  expands  all  bodiai, 

,  Ur|uiil,  or  gOJimu&i  ah  hough  not  to  the  ^ame  extent.     Gases  expand 

iqiticb  or  m\i&  for  the  same  rise  in  temperature. 


nt 


U — Gases  are  more  simple  in  their  constitution  dian  either 
,  or  fotids,  and  hence  we  get  a  better  knowledge  of  their  structure. 
Critical  Temperature,— As  stated  above,  all  gases  can  be  con- 
to  liquids  if  we  can  secure  a  sufficiently  low  temperature  and 
OMMt^  pnrisurc,  Pressure  alone  will  not  succeed,  nor  will  lemfiera- 
Utre  akioe.  It  is  found  th:U  every  gas  hns  a  critical  temperature 
~-4^  €.»  a  tempcmturc  belf>w  which  it  can  Ix?  condensed  to  a  liquid, 
aad  above  whkh  it  can  be  compressed  without  liquefaction.  This 
Impamtatxc  b  not  the  same  ft^r  all  gases.  The  following  is  a  list  of 
a  mssAet  o(  the  comnsoQ  g^ises^  with  their  critical  tcmpcratun^: 
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■        Teni 

if  •   W! 


.— iiM'C. 
.— 140.0*  C. 


NitfTiDs  ojitide  ,,.-*.,♦.*,..  55*4*  C* 

Amiiiom* *,..*,,....  t  JO,©**  C* 

Chkirint; , **,,,,,,,,.  14 1  ^o"  C- 

Sulphur  dhmde  ..,.,,..*,.  j  55.4*  C. 


T^isiOQ  of  Gases,— The  tendency  of  a  tx>nfincd  ga^  to  escape 

"ed  iu  teni^ion  nr  [>re:tfiiure.     From  the  last  article  it  will  lie  undur- 

thal  the  molrcuks  trf  a  gas  arc  continually  homlKirding  the  walls 

a  vessel  containing  it    The  effect  of  tliesc  bombarclmenu  is  tu 
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produce  an  e3q)aiisive  teiidenc>'  upon  the  walls  of  the  vessel,  which 
is  usually  balanced  by  a  simUar  bombardment  of  the  molecules  of 
the  air  on  the  outside. 

When  the  tension  or  pressure  of  a  gas  is  much  above  that  of  the 
surrounding  atmosphere,  it  is  usually  measured  by  a  pressure-gage. 
Usually,  however,  gases  are  handled  at  the  pressure  of  the  air.  As 
we  shall  see  later,  it  is  important  to  have  some  ready  and  accurate 
method  for  measuring  the  pressure  the  atmosphere  exerts  upon  other 
gases,  and  which  determines  their  tensions.  For  this  purpose  the 
barometer  is  used.  A  barometer  is  a  thick  glass  tube  about  thirty- 
six  inches  long,  sealed  at  one  end,  and  bent  upon  itself  near  the  other 
end  so  as  to  leave  the  long  arm  a  little  more  than  thirty  inches  m 
length.  The  long  limb  is  now  filled  with  pure  mercury,  inverted;  and 
the  mercury  boiled  throughout  the  entire  length,  to  expel  all  air.  On 
reinverting  the  tube  a  part  of  the  mercury  runs  down  into  the  shorter 
arm,  until  that  in  the  longer  stands  about  thirty  inches  (760  mm.) 
above  that  in  the  shorter.  It  is  now- only  necessary  to 
mount  the  tube  and  provide  some  means  of  measuring 
the  difference  in  height  between  the  surfaces  of  the 
mercury  in  the  two  arms.  In  the  instrument  repre- 
sented in  figure  3,  the  tube  is  graduated  at  two  points 
covering  the  variations  likely  to  be  met  with  in  the 
barometer.  The  scale  on  the  long  arm  is  made  by 
measurement  from  a  zero  point  on  the  short  arm,  and 
may  be  in  inches  or  millimeters.  The  short  arm  is 
graduated  from  the  zero  point  both  upward  and  down- 
ward. When  the  surface  of  the  mercury  in  the  short 
arm  is  above  the  zero  mark,  the  distance  in  inches  or 
millimeters  is  to  be  deducted  from  the  reading  on  the 
long  arm;  if  below  the  zero  maik,  the  two  readings 
are  to  be  added.  Other  methods  of  reaching  the  same 
result  are  in  use. 

The  greater  the  pressure  of  the  air  upon  the  mercury 
in  the  short  arm,  the  "higher  will  it  raise  the  mercuiy  in  the  long  arm, 
and  X'ice  irrsa. 

By  means  of  the  barometer  we  may  measure  the  pressure  or  tension 
of  the  air. 

Law  of  Mariotte,  or  Boyle*s  Law.— This  bw  is  stated  as  follows: 
The  volume  of  a  confined  gas  varies  invcisety  as  tbe  pressure 
brooght  to  bear  upon  it,  when  die  temperatiiie  remains 
constant;  that  i<s  the  less  the  pressure  tbe  greater  the  vduiiie*  and 
the  greater  tbe  pressure  the  less  the  volume.  Stated  aigebraically  this 
Uwis:  r:r'::V':V,VhenoeV'=  ^^ .  in  whkb  cxpressioD  P  and  P 
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lHjld  for  two  different  pressure,  and  V  and  V  for  the  corresponding 
folume^.  The  pressure  exerted  upon  any  mass  of  gas  is  usuatly  that 
of  die  sunoimdiDg  atmosphere,  and  i^  measured  by  a  barometer.  The 
nomtaJ  pressure  of  the  air  is  about  fifteen  pounds  to  the  square  inch, 
i3i  socli  Uiai  it  will  support  a  column  of  mercury  760  mm,  (thirty  inches) 
m  betgjht*  In  the  expression  of  pressures,  as  measured  by  this  instru- 
Bieiit^  the  height  of  the  column  of  mercury  is  employed  instead  of 
the  weight  of  the  column.  Thirty  inche?;  of  mercury  is  ustxl  instead 
of  fifte^l  pounds'  pressure.  Substituting  this  form  of  statement  in 
the  mbave  depression,  it  becomes  V  :  \''  :  :  IV  :  K  and  V  =  -|j> ,  or 
V  H  ^  V  H',  b  which  H  and  H'  stand  for  the  height  of  the  barometric 
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Sxomflg. — A  certain  volume  of  air,  at  a  pressure  of  74 j  mm.,  measures  540  c.c; 
it  ivill  It  measure  ai  760  mm.  ?    By  subsiitmiTig  these  numbers  for  H,  V,  and  H' 

ia  llie  ahovc  formula  ia^  have  V'  —  -      ^ '     =  5^7-^  cx.j  or  540  c.c.  :  x  t  :  760  ; 
X4J;  in  wliidi  X  —  1^1 1* 

Since  a  gas  under^gDes  such  great  variations  in  volume  under  varied 
pUSBFCB^  It  is  necessarj*  to  state  the  pressure  when  a  given  volume 
of  gas  b  mentioned,  or,  as  is  commonly  done,  to  have  an  arbitrary 
ftlfrffH  <»f  pressure  under  which  all  gases  are  supposed  to  be  meas- 
med,  when  not  otherwise  staled.  The  pressure  which  has  l>een  adopted 
ii  760  mm*,  or  thirty  inches  of  barometric  pressure.  This  is  called 
die  ffUi]4«itl  pressure. 

The  Law  of  Charles  or  of  Gay-Lussac.--The  volume  of  a 
pi  varies,  n«*t  i^nly  with  the  pressure,  but  it  also  varies  with  the  tern- 
peamre.  The  hotter  the  gas,  the  greater  its  volume,  and  the  cooler 
the  gu,  the  smaller  its  volume;  or  the  Tolume  of  a  gas  under  con- 
itaiift  pffMSure  varies  directly  with  the  absolute  temperature. 
Hiii  b  known  as  the  kw  of  Charles,  or  sometimes  as  the  law  of  Gay- 


All  fpucj^  expand  or  contract  equally  for  the  same  increase  or  de- 
iif  IcnipcTature*     A  gas  esrpands  ^4^  ^  '^^  volume  in  passing 


fami  o^  C*  lu  I**  C,  or  yjtr  ^^  ^^  volume  for  i*  F, 

Sow,  dare  A  pa  ejijMmtk  ^l^  of  ru  vtilume  at  o*^  C,  for  rvery  degree  above 
vnt  «e  WAY  ragutl  «  gas  al  o^ C.  a«  liav^ing  bccfi  warmed  through  J 7 ^° C.  In  utherr 
awdiitttji^ Wow  temmmt  tierrgftnled  iis.  thi-  absolute  iero,ai  which  temperature 
al  0je^  Jof^M  Tv  r^f^^  rtT  t«>  liquids*  at  to  the  smallrst  iJfT<.*.tble  space. 

'  '•  d  1(1  the  tt-mj^rrature  of  a  (^ajj,  we  obtain  the  absolute 

IBC  f  drifrets  it  fe  iibove  the  ttb?ioltite  lero. 

Ik^ia^  thl.  in  mmd,  tht-  law  nf  Chiirlrs  may  be  stated  a*  ftillows:  ijj  -f  T 
(ibr  iflBfKnitttrT  af  ihc  km  when  me^siirrij)  t  373  +  T'  (the  afU'red  lemprratUTr) 
I !  V     *  isttfcd  vtilume  of  ^as)  -  V  (the  new  nr  TTf|uircd  t\>!umc).     Or^  T®  I 

^  when  T*  mud  T^  iitami  for  the  atisolure  tem|M.Taiures, 
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Examffk, — A  given  volume  of  gas  at  30^  C.  memuti^  55 
have  mcastirrd  a.t  o*  C.  ? 

Siatemenl. — ^75  +  20  i  ^173  +  o  :  ;  55  ;  x,  the  requinKi  vd 
:  ;5S  ;x  =  SJ-^c.r.     Ans. 

NoWi  since  the  fracuo-n  ^Ij  when  reduced  lo  ihe  dec 
0*003665,  it  15  plain  tiiat  i  cc*  of  any  gas  at  o^  becomes  tj 
J. 00733  ^t  2^*  C\,  and  t  +  n  times  0.00 j66  at  a  temfjcmiurc  of  | 

Whence  the  fomiula  may  be  stutect:  \"^  or  the  new  vo\\x 
known  volume*  mulliplied  by  i  +  (0.00 j66  X  (t^  ^  t) ),  in  wb; 
the  observed  and  required  temperalures  respectively,  when  t'  Ij 
when  the  change  of  lempemture  is  from  a  lower  to  ii  higher  II 

When  i'  k  leas  than  ij  or  when  the  reduction  is  from  u  highe 

tuf  e,  the  formula  becomi^  V  — 


Slncf}  V  and  V  are  common  lo  these  two  equations,  and 
precc<ling  page,  for  correction  of  gaseous  volumes  for  changes 

combine  the  equations  oa  follows:   V'  =»  V  X  (i  +  0.00366 

VH 
(I'—  I)  is  a  plus  quantity,  and  V  =-  ^j^f,  ^ ^  j,,_,,^,  where  ti 


higher  to  a  lower  temperature.     These  formulie  may  be  used  fQ( 
tem[>erature  and  pressure  at  the  same  lime. 

Exnmpie. — A  given  volume  of  air  at  740  mm.  and  15"  C 
whal  will  it  measure  at  760  mm.  and  o*'  C,  ?    Sui^tituting,  we 
V  ^ 4S3_X_T4fl -  di>7  2  r  e 

A  third  law  of  gases  is  stated  as  follows:  The  pre 
of  a  given  mass  of  gas,  at  constant  volume^  varie 
absolute  temperature. 

Standard  Temperature  and  Pressure.— Var 
perature  and  presi^ure  pnxloce  such  Lmportint  varii 
that  it  is  frequently  necessary,  when  comparing  obsen 
them  to  same  standard  temperature  and  pressure. 
temperature  used  by  most  scientific  men  is  o^  ' 
corresponding  to  15.5^  C,  being  about  the  ordinar] 
the  air,  is  sometimes  found  to  be  more  convenient,  ; 
used.  By  standard  conditions  of  temperature 
are  meant  o"^  C.  and  760  mm.  pressure. 

Constitution    of    Gases.— Law    of   Avogadro 
This  law  states  that  equal  volumes  of  all  bodies 
gasj  and  at  the  same  temperature  and  pressure,  a 
number  of  molecules. 

As  a  neccssar)*  deduction  from  the  law  it  follows 
gaseous    molecules    occupy    the    same    space, 
weights    of    equal   volumes    of    any    two    gase* 
other  as  the  weights  of  their  molecules;    or, 
the  specific  gravities  or  densities  of  any  two 
to  each  other  as  the  weights  of  theix  molecules 
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^^^Wi  fapettaiHTC  to  the  chemist,  and  is  considered  <hc  basis  of  most 
o(  the  tntjdcrn  notions  of  chembtr)\  Although  it  would  be  out  of 
pkce  here  to  enter  into  such  a  discussion,  this  law  is  capable  of  mathe- 
outkal  pnxif,  starting  witli  the  assumption  that  masses  are  comjioscd 
itf  moleoilcs  in  a  state  of  motion. 

SLut  and  Weight  of  Molecules, -—That  molecules  actually  exlat,  and  that 
llitt  Arc  in  <:ijRsiJ.(it  motion  in  siraight  lines  within  the  gas^  there  ^em$  10  be  at 
tittk  room  fur  doubt.     Varioii&  rctetU  experiments,  drawn  from  many 
hAve  g^ven  us  pnH>f  of  these  fact^»     Starting  from  certain  well-established 
pIlTsidsts  havr  been  able  to  calculate  tiic  absolute  number  of  molecules  in  a 

atpmce,  their  &ljsutuLe  weight,  ajjse,  ^'ckjdty,  and  spaces  between  two  neigh - 
>  inoteirules. 
Acpctfdii^  to  these  r^iJcuktioits,  a  cubic  centimeter  of  air  contains  twcniy-one 
iriBfrytlf  of  molecules;   and  accijrding  lo  the  law  of  Avoeadro,  all  other  gases  must 
eootiill  ihr  tar  '  i'        r.ne  volume.     Ten  tiillions  of  air^  or  144  trillion^ 

fd  hjpdicyj.  ff  i^e  milligram.     The  mean  velocity  of  the  mole- 

dfeolwilc   ^     .  jv*    -      '  f' '-^  U591  ft.)  per  second;  and  of  a  molecule  of 

k  f S44  mctCfs  i<K  r  second.  Of  course,  with  this  inconcel^ able 

iBo|cculc&  in  the  at:.  1    of  one  ex.,  and  all  moving  at  the  velocity 

ottr  miilerule  cvuid  nwve  long  in  one  direction  ^^ithout  colliding 
«U  mnodicr  molecule.     The  number  of  shocts  that  each  molecule  receives,  in 
4ii  hydrogen  gaa.  has  been  calculated  to  be  94^  nuDions  per  second,  while 
nitbtiiire  a  moleeiile  mot-ci  in  its  f«ath  before  colliding  is  about  0.0001^55 
may  be  LS^ken  a&  the  dbunce  between  two  molecules.     The  diameter  of 
dir  ««Wr  Biolecule  =-  0.00CK10044  mm.      Free  path  =  o.fl0eo64i?  mm.     Although 
t  mimklwn  give  ■  -  "  ■  "  -^  ronccption  of  the  magnitudes  they  represent,  they  are 
B  htfr  lasbsw  .  y  of  research  and  the  advances  being  made.    These 

itiB»  afif^Iy  10  y 


I 
I 
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RftdiftOt  Matter.— Ulien  the  pressure  is  removed  from  gases  the 
BKikculi^  are  allow*od  to  go  farther  apart;  and  while  the  distance 
bctwert)  the  molectiJes  of  air  at  the  ordinaiy  atmospheric  pressure 
ii  a  little  less  than  a  ten- thousandth  part  of  a  millimeter,  it  may 
imch  *e%cnd  cenlirnelcrs  when  the  (jressure  is  reduced  by  a  vacuum 
IMIllfi  In  a  miltionth  of  an  atmosphere.  Such  a  rarefied  gas  has  new 
pfopotks,  and  ha**  reserved  the  name  of  radiant  matter,  by  Mr. 
Cfookie%r  i'mler  the  influence  of  a  niy  of  lights  heat,  or  an  electric 
sent  through  tlie  rarefied  gas  (pressure  one-millionth  of  an 
f),  nej:ativc  tlcctRins  or  corpuscles,  in  the  Ciise  of  electricity, 
in  bunch  forth  in  a  direct  line  from  the  negative  pole  toward  the 
ive.  If  a  light  rJisc  be  placeil  in  this  path,  it  is  bombarded  by 
electrons  on  the  side  presented  to  the  negative  pole,  and  thus 
HvB  a  sulBcient  impulse  to  render  the  motion  visible  to  the  eye* 
nifliomctcT  (Fig.  4)  consists  of  a  glass  globe  as  completely 
'  ol  air  a«i  |>oKsib!e,  rrtntainmg  a  vane  hc»lding  four  discs  of 
bbchened  on  one  ?iidc*  and  delit^tely  sus|icnded  upon  a  p^iinl, 
to  levdhv  with  ast  little  friction  as  possible.    On  bringing  the 
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into  ft  StKng  l^A  or  near  a  soUTDe  of  heat  the  vane  begins  to 

levabc,  because  of  tlie  boo^MirdTnent  of  the  discs.    The  dark  surface 

9fC5  m  tbe  p&th  erf  the  %fat,  the  heat,  or  negative  electric  disdiaige. 

Diffusiott  of  GflKS. — If  two  gases  be  brought  in  contact  wiih 

'  cftjdi  ctber  by  mv&tm^  one  jar  over  the  other,  as  represented  in  figure 

5,  tbe  pscs  wiD  not  long  remain  separate,  but  will  quickly  mingle 

^  as  to  make  a  uniform  mixture  thmu^out  both  jars.    This  property 

Ifif  gises  k  caDed  diffusion*    Tlie  diffusion  of  gases  will  also  take  pkce 
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if  they  are  separated  by  a  porous  wall  of  earthen  ware,  stone,  or  parch- 
mentj  by  the  passage  of  the  gas  through  the  pores.  A  convenient 
method  of  illustrating  this  phenomenon  is  to  take  an  unglazed  earthen- 
ware cup,  such  as  is  used  in  a  Bunsen  battery*  cell,  invert  it  in  a  funnel 
provided  with  a  long  stem,  and  fasten  H  in  place  by  a  paste  made  of 
plaster-of-Paris.  The  lower  end  of  the  funnel  tube  is  passed  through 
a  doubly-perforated  cork  Into  a  battle  containing  water,  as  shown  in 
the  accompanying  figure.     (See  Fig.  6.)     On  bringing  a  bell -jar  of 
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p  b^fogiaii  or  illmnjnatmg  gas  over  the  porous  cup,  the  air  in  the 
(uniiel  will  be  forced  out  below,  aod  may  be  seen  to  escape  in  bubbles 
^  Ihrou^  the  water. 

■  Graham's  Law  of  Dififusion.— According  to  this  law,  the 
Btciocttj  of  diflfusioa  of  dijGfereot  gases  is  inversely  propor- 
Vlioaal  to  the  square  roots  of  their  densities. 

As  an  nklitiiikkiii  of  the  tmih  of  this  law  we  may  compare  the  rates  of  diiTusjon 
oflijilrageii  ami  ox]fgco.     By  measuremeiit  it  has  been  found  that  hydrogeti  dllfus^s 
tbiir  limeft  futer  than  0x7^11.     Their  densities  are  know-n  to  be  t  and  16;  and  the 
!  niols  of  these  numbers  are  i  and  4.     It  will  thus  be  stcn  tliat  the  rates  of 
i  aie  inversciy  as  these  last  niunbexs. 
Tbff  pbetkomcitii  of  di^usion  admit  of  easy  expUnatlon  on  the  assumption  that 
tfe  moleotths  of  gpses  are  In  a  state  of  rapid  motion*     Moteover,  it  is  pfain,  since 


all  gases  contains  tlie  same  numljer  of  niolt-cule$,  at  the  same  £em^ 
pressure,  that  the  moving  power  of  all  molecules  under  these  conditions 
be  the  lAtne;  Uyr  the  pressure  brought  tp  bear  on  the  gas  is  balanced  by  the 
of  in  inoleculest  or  its  elasticity^  To  pjodure  the  same  effect  against  the 
oC  the  Ycssel.  lighter  molecules  must  move  faster  than  the  heavier  ones,  and 
■■K  hnptrte  oeeur  in  a  even  time.  If  M  be  taken  as  the  weight  of  a  given  mole- 
ode  tmd  V  Eta  Telocity,  Mv  will  express  its  momentum.  But  the  pressure  depends 
aft  ottly  00  the  niomeRtum  of  Ihe  molecules,  but  on  the  number  of  blows  delivered 
bf  cadi  woiecnk  in  a  given  time,  which  will  depend  upon  the  velocity  of  the  mole* 
eifa.  Btac^  MV  X  V  will  represent  the  pressure  of  the  gas.  Suppose  this  pres- 
mgw  he  tone  rotislmot  uriit  of  pressure,  say  the  presstirc  of  the  air,  represented  by  1. 


TbttilV^-t.iadV' 


A I  or  V  ^  — ^ ,     Now  M,  which  represents  the  weight 
slto,  Accctrding  to  Avogadro's  kw»  represent*  the  density  of  the  gas 
fcirmtiU  may  therefore  be  written: 


-7^  instead  of  V 
V  D 


r  M. 


Fw  ajiy  two  gases  !he  velocity  of  whose  molecules  are  represented  by  V  and  y*t 


r 

^H  ttfcltt  scau^i  in  w^rd^  becomest  Tfu  tfltHiHef  af  diffusUft  &}  any  hm  gases  fthe 
^p  nlbtiliB of  their  molecules)  vary  invet^tiy  «I3  tht  %qu^rt  root  of  iheir  dtnsiiUs,  which 
^^  lifSnlniii**  hm.  The  demities  of  h>'dn>gen  and  oxygen  arc  known  to  be  1  and  16, 
y,  and*  thrf^forCr  the  velocities  of  their  molecules  must  be  as  the  square 
t  al  these  numVrs,  or  as  4  to  i;  or  the  molecule  of  hydrogen  must  move  four 
I  «a  U/A  a%  '  gen.     The  comparative  velocities  of  other  molecuteft  may 

bf  ijJcvliled  ij<  way — from  their  densities. 


HEAT, 

Heat« — As  nearly  as  wc  can  conceive,  the  phenomena 

to  wrhicb  we  apply  the  term  heat  are  the  manifestations 

of  the  motion  of  the  moleatlcs  of  matter  partially  dis- 
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C2i&tfz  =1  ^  lL5t  secskc^    Bcssks  prodaciB^  die  M^^wjiSiptt  of  hot 
ii  */r^  '^trrr^j  cc  iyjofc.  r  tK&  ■■aaci;  mdis  msc,  makes  tfac  metak 

I:  TTi-  f-yfTicriT  ^jppcj&ed  ihi:  beai  »»*  a  fnnn  (tf  matter — a  sobtk 
f:::^:  »=jp±  cwni:  n-w  irocz  cc*  zxtn  ct  a  bodr  »>  anDCbcx  or  tliroii^ 
tbt  iir-  \Vt  jtn  letiir.  5i:qc  u  ihe  fccms  of  CA^meafekm  used  vlifle 
t;:^:  v^L^.r/  t2^  bdc.  ;s:d:  c^  mndwrfioD,  coovectiaa,  absoiptko, 
rmiigiofi,  nMliatkniy  etc,  the  ibenr  ixself  bemg  cmirefy  afaan- 
c^.zjtfL  \\t  ztjw  zcgazd  heat  as  a  masnestatiaQ  of  one  fonn  of  mo- 
ler Jar  cy:^>n.  Tbe  moie  rapid  the  motkii  of  the  wini^^iV*s  of  any 
^»tz.  \^jcr/,  the  h-ghfT  the  tcsnpexatuie. 

^Lltt  if  ±e  pcearjc:«=A  of  bezi  =at  be  bevnxfslhr  iHostrslEd  bj  meuis  ol  a 
ba."  ara.i"r^  r.  &=.  elutt:  iadia-r=bbcr  &J-;rig  hdd  ia  tbe  hand.  The  faftll  may 
r>tfr«cnt  the  =y.^ec^:  ±e  szriz2^  the  e^a^sbc  oohcsavc  icRe  vhich  acts  bttwtm 
iry.><.-i>s:  2iyi  ibt  f-ine  i::c:3cd  br  tbe  haad  to  xsiake  die  haH  iemi*r  about  it,  the 


The  sources  of  heat  are  the  suiu  the  stars,  the  interior  of  the 
earth,  cheniical  action^  and  the  conversion  of  chemical  or  moleailar 
motion  into  heat.  Chemical  action  is  the  most  important  artificial 
source  of  heat 

Tbc  earth  rece:*.-e3  but  about  two  tboosaixl  cdUioctbs  of  the  heat  of  the  son, 
and  the  6xed  stars  are  estimated  to  furnish  about  four-fifths  as  much  as  the  sun. 
The  amrjuxu  of  heat  acnually  reccri*ed  from  the  sun  would  mch  a  layer  of  ke  loi 
feet  thick  surrounding  the  earth.  The  internal  heat  of  the  earth  has  soaae  effect 
upon  our  temperamre,  but  not  a  \-er>-  important  one,  as  the  crust  <tf  the  earth  does 
wA  conduct  beat  welL  When  the  heat  produced  by  chemkal  action  is  intense,  and 
accompanied  by  light,  the  bodies  are  said  to  bum.  The  heat  produced  in  an  ordin- 
ar>'  fire  is  due  to  the  chemical  action  going  on  between  the  ox>-gen  of  the  air  and 
the  carbon  and  hydrogen  of  the  fuel,  .\nimal  heat  is  largehr  due  to  a  similar 
cause — that  is,  to  chemical  action  going  on  in  the  muscles,  glands,  brain,  and,  in 
fact,  all  the  tissues;  not,  as  formerly  taught  by  Liebig,  by  direct  combustion  of  the 
food  by  the  ox>-gen  of  the  air,  but  by  oiddadon  of  the  different  tissues  or  the 
disintegration  products  produced  whenever  they  are  called  upon  to  exercise  thdr 
functions. 

Mechanical  force  may  be  converted  into  heat,  as  when  the  axle  of  a  raiboad 
c«^>ach  Vjccrjmes  hot,  or  when  the  brakes  are  applied  to  the  wheels,  or  when  a  piece  of 
steel  strikes  a  piece  of  flint  These  phenomena  may  be  illustrated  with  Uie  ball  and 
string  alxive  mentioned,  by  allowing  some  one  to  strike  the  ball  while  it  is  swinging, 
so  as  to  drive  it  faster  on  its  course.  This  is  what  takes  place  when  the  steel  comes 
in  contact  with  the  flint. 

Mechanical  Equivalent  of  Heat. — There  is  an  intimate  rda- 
tionship  between  heat  and  mechanical  motion.  They  are  capable  of 
being  converted,  the  one  into  the  other.  The  friction  of  the  match 
against  a  roughened  surface  produces  enough  heat  to  ignite  it.  Heat, 
on  the  other  hand,  is  converted  into  motion  by  the  expansion  of  steam, 
which  drives  the  steam-engine.    It  has  been  determined  that  a  certain 


HEAT, 


17 


^hmount  of  heat  has  its  exact  equivalent  of  work.  The  unit  of  work 
Bs  the  icx>t*pound  {the  power  required  to  raise  one  pound  one  foot  high) 
p  nr  tbf  kilDgrani  meter.  The  unit  of  heat  is  the  heat  necessary  to  raise 
I    omwmwd  of  wiitcr  from  o*^  C.  to  1*^  C. 

^  Tilt    Measurement   of   Heat, — Heat   may   be   measured   by   its 

rficcts  in  fy&ing  ke^  vobttlizing  water,  or  raising  or  lowering  tempera- 
mtc.  The  methfxJ  usually  eniployed  is  to  observe  how  many  degrees 
a  known  weight  of  water  will  be  warmed  by  the  source  of  the  heat  to 
be  measured^  The  operation  is  conducted  in  a  calorimeter,  for  a 
descripliDti  of  which  see  p.  547.  The  thermal  tmit  is  the  amount 
id  besit  n?t|uired  to  raise  t  pound  of  water  t°  C, 

The  anit  of  heat  now  almost  universally  used  in  chemical  and 
pb}ilolD^caJ  work  is  the  calorie,  or  the  heat  consumed  in  raising 
IMI&  kBogpun  *4  whaler  from  o^  C>  to  1°  C.  The  calorie  is  equal  to 
t^  thentml  ynits.  This  is  known  as  the  greater  or  kilogram  calorie. 
Tbe  snuller  cak>rie  is  also  used,  and  is  tlie  amount  of  heat  necessary 
to  imisr  ufic  gmm  of  water  from  o^  C.  to  i*^  C\  The  kilogram  calorie, 
M  it  could  all  be  omde  to  do  mechanical  work,  would  be  sufficient 
lo  imhrn  ^077^6  pijunds  one  foot  high;  or  the  calorie  is  equivalent  to 
3077,6  foot  pounds,  or  tn  425.5  kilogram  meters.  The  thermal  unit  of 
h  equivalent  to  0.45  calorie,  1590  foot-pounds  or  0,695  foot-ton. 
SlieetS  of  Htai.— One  of  the  first  effects  of  heating  a  body  is  to 
tljc  veU>dty  of  the  movement  of  its  molecules,  drive  them 
hitber  Apoit,  aikI,  hence,  expand  the  body.  This  is  the  effect  of  heat 
■poo  aU  bodies^  with  a  few  apparent  exception.^.  Silver  iodide  is  a 
notable  exceptbn  to  tliis  rule.  To  understand  just  what  tikes  place 
vbrn  hot  expands  a  bixly,  let  us  return  to  our  ball  and  string  (p,  16); 
the  mufe  force  we  apply  to  it  frc^m  the  arm,  the  more  rapidly  the  ball 
viU  tmi%e;  m»  it  doe^  so,  the  more  it  stretches  the  string  and  the  larger 
tbe  arc  it  cl«crib€s.  If  we  apply  enough  force  the  string  will  break, 
lod  tbe  ball  will  %  off  into  s{iiice.     (Compare  p-  9-) 

■tiling  and  Freezing  Points.— When  heat  is  applied  to  the 

aoiendci*  d)i:  tiihe^ive  force  is  strvtthctj  to  its  utmost  and  is  on  the 

poJQt  of  breaking;    then  the  bxiy  melts  and  becomes  a  liquid^  in 

wUth  -IaIl   the  two  fortes  art  nearly  equals  with  cohesion  slightly 

mi  -:.    The  temperature  at  whu  h  a  body»  usually  s«ilid,  passes 

loki  «  Pi>{ui>x  ^Litc  is  called  its  melting  point.     If  more  heat  be  now 

Mfplkd,  the  Cfilie!*ive  U*r<^  (representetl  by  the  elastic  string  above) 

pid  wuy,  the  moleruirs  Ix-gin  lo  lly  off  into  &pace,  and  we  say  the 

tifU  binh  or  paii&rs  into  the  gaseous  state.     If  the  heat  is  abstnicted 

mn  a  body  dial  ortiinarily  exists  in  a  11140 iti  slate^  cohesion  more 

^  HKvr  avcfOKnes  the  heat  force  between  the  molecules  until  tlic 

Mf  cDOtfa^ts  and  pa&^*s  Into  the  solid  state.    The  tem[>erature  at 

J 


MEDICAL  CHEMISTRY. 


which  this  takes  place  we  call  Ihe  freezing  point  of  the  body.  The 
freezing  point  of  solutions  of  solid  substances  in  water  k  lower 
ihan  that  of  the  solvent,  and  the  depression  b  proportional  to  the 
number  of  molecules  in  a  given  yolume  of  the  solvent,  and  not 
to  the  weight  of  the  dissolved  body. 

Boiling  Point  of  Liquids.— The  boiling  point  of  a  liquid 
is  the  temijerature  at  which,  in  an  open  vessel,  it  gi\ei>  off  vapor  rapidly 
from  the  whole  liquid,  or  the  temperature  at  which  the  tension  of 
its  vapor  becomes  equal  to  that  of  the  atmosphere.  The  boiling  point 
is  constant  for  eacii  liquid.  In  givmg  a  description  of  a  liquid  the 
boiling  point  is  usually  given.  The  boiling  point  of  pure  water  is 
ioo°  C.  (312°  F.),  and  Ls  nearly  constant  when  boiled  m  an  iron  vessel 
In  the  open  air.  It  is  slightly  higher  in  a  glass  or  other  vessel  with 
polished  walls,  because  the  steam  adheres  to  such  a  surface  until  it 
becomes  a  little  above  that  point,  or  b  slightly  superheated.  The 
pressure  exerted  upon  the  surface  of  the  liquid  may  cause  the  tem- 
perature of  the  boiling  point  to  var>%  by  resistmg  the  expansive  force 
of  the  molecules  and  aiding  cohesion  to  keep  them  together,  Wlien 
considerable  pressure  is  brought  to  bear  upon  a  boiling  liquid  its  tem- 
perature rises  until  the  tension  of  the  steam  overcomes  this  pressure, 
and  it  becomes  superheated.  Conversely,  if 
the  pressure  be  removed  or  lessened,  the  tem- 
perature a£  which  the  hquid  will  boU  is  lowered. 
This  may  be  illustrated  by  the  experiment 
known  at  the  ctilinaiy  paradox. 

Take  a  flask  of  waier,  and  after  tx>Uiiig  it  vigor- 
ously for  a  few  minute^j  so  that  the  rising  sti^am  may 
e^cpet  must  of  the  alr^  cork  k  up  with  a  tight Jy  JJtling 
cork,  when  the  boiHng  will  tease;  remove  the  lamp 
and  turn  the  flask  bottom  upward  (See  Fig.  7,)  By 
pouring  cold  water  on  the  flask  the  steam  i&  con- 
densed, the  pressure  is  removed  from  the  water,  and 
it  boils  vigorously*  Now  allow  the  steam  to  fill  the 
flask  above  Ihe  u-atcr,  and  it  again  ceases  boiling*  A 
dash  of  cold  water  will  again  make  it  boil.  This  may 
be  repealed  until  the  water  beiromes  cool  enough  to 
be  held  in  the  hand  with  comfort 


I 
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pj5^  ^^  The  boiling  point  of  solutions  of  solid 

substances  is  higher  than  that  of  the  solvent, 
because  of  the  attraction  of  the  solid  for  the  molecules  of  the  vapor, 
Dissolved  substances  act,  then,  like  pressure  to  raise  the  boiling;  point. 
It  has  been  found  that  the  rise  in  the  boiling  point  of  a  solution 
is  proportional  to  the  number  of  molecules  of  dissolved  sub- 
stance in  a  given  volume  of  the  solution. 
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Tlie  boStng  paint  of  water  is  infiucaced  by  the  character  of  the 
qmtaiiniog  vessel,  the  molecular  concenlraUoD  of  dissolved  substances 
aod  the  height  of  the  barometer  or  the  pressure  of  the  atmosphere 
U|ian  ii.  As  the  height  of  the  barometer  diminishes  in  ascending  from 
the  surface  of  the  earth,  the  boiling  point  of  water  must  fall  An 
ascent  of  about  loSo  feet  lowers  the  boiling  point  of  water  i^  C.  By 
lUs  neaJis  the  height  of  mountains  may  be  determined  within  a  few 
fed.  When  a  liquid  passes  off  into  vapor,  it  is  said  to  evaporate, 
EYm|K3cation  £n:»nri  liquids  takes  pbce  slowly  and  imiHTceptibty  at 
teupcnUims  below  their  boiling  points*  In  the  case  of  water,  for 
ennple,  there  is  some  evaporation  even  from  the  surface  of  snow 
and  ice.  The  moisture  of  the  air,  from  which  clouds,  rain,  snow, 
rff"  -»  ire  formed,  is  carried  up  by  this  imperceptible  evaporation 
fr  c3.T\St  lake?',  and  rivers, 

LJistiuatioil  and  Subliniation. — Wlien  a  liquid  is  rapidly  evap- 
aimled  and  coodmsefl  again  by  means  of  cold,  the  process  is  called 
Jff»ni»#iiwi  Wlien  water  containing  solid  matters  in  solution  is 
evapoimled^  the  solids  remain  in  the  vessel  while  the  water  only  is 
pvcs  off*  By  rcas*3n  of  this  fact  w^e  are  able  to  prepare  perfectly 
purr  wnfrr  by  rlistilbiUon.  W'bcn  a  mixture  of  tw^o  or  more  liquids 
lai  ,  that  having  the  lowest  boiling  point  begins  to  d instil  firsts 

others  behind.  During  the  rapid  evapoiation  of  a  liquid 
tiirc  remains  nearly  Distant  at  tlic  boiling  point  until  it 
u■■^t  To  separate  a  mixture  of  liquids  having  different 
a  is  only  ntnessar\'  to  hait  the  mixture  until  that  having 
iTg  pTiint  lx*gins  to  distil  off,  and  allow  it  to  remain  at 
n-  until  il  has  all  jiassed  over  and  been  condensed.  The 
111  ami  another  attached;  the  temperature  is 
T  |K>rtitin  of  the  mixture  l>cgin's  to  distil  over, 
id  oil  until  the  liqutfls  are  sepamted.  The  first  pmcess  seldom 
a  perfect  separation,  owing  to  some  heavier  liquids  being 
cstftied  over  b)  the  lighter  onest;  a  second  or  even  a  third  distillation 
ia  often  neccssBuy.    The  above  process  is  called  fractional  distilla- 


k 
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%  the  Icrm  iealnietlve  dlstillEtion   h  meant  a   distillation, 
f^f  dry  *f»jHsiances,  so  a?>  t*>  liustrioy  them  and  obtain  liquitls 
«r  j^v  ..amj>lL%  the  diNiillaiifin  of  coal  for  the  purpose  of 

pRT^i:  i^  g35  and  liquids  to  Ijc  used  for  vtirious  purposes, 

II  of  wm»d  to  prepare  acetic  acid,  wood -spirit,  etc. 

V  i  '  *i  in  a  n^tort  or  still,  nnd  the  vapor  is  condensed 

b  r.     The  retort  or  ail)  is  the  vessel  in  which 

Ihr  uquja  i-*  urainij  and  la  made  of  gloss,  copfwr,  iron,  or  platinum. 

<s»  rig.  8.) 


tte  Bqoid  botls.    The 

of  tSbc  reioit  into 

cf  GOld  water. 

i  §fxm  liqujds,  but 

SmA  boffies  »e  said  to  sublime^ 

dikride  ai^  eicaniples  of 
dds  pnxxss  is  iisi]a%  employed 

a  put  of  file  beat  farce  applied 
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to  a  body  k  used  up  in  Qvexcoinii^  the  force  of  coh^ion  and  in 
expaixilBg  Uie  body,  and  does  not  appear  in  the  actual  mov  mg  power 
of  the  molecules. 

In  our  ball -and -string  illusimtion  (p,  i6),  a  part  ot  the  fckrce  applied  to  the 
string  by  the  hjirtd  b  expended  in  stretching  the  siring,  or  finally  in  breaking  it, 
and  diic&  not  appe^ar  in  the  moving  power  of  Ibe  baU.  This  force,  whit  h  is  ex- 
pended in  QVerconung  cohesion,  and  in  kecpmg  the  molecules  apart,  does  not  appear 
in  the  temperature  of  ft  body.  When  air  h  heated  and  allowt-d  to  expand,  about 
two-sevenths  of  the  heat  forre  is  used  up  in  expanding  it*  If  we  apply  heat  to  a  ^'essel 
csottttining  ice,  the  tcmj)eranire  of  the  water  fonnett  js  the  same  as  that  of  the  ice, 
although  considerable  heat  has  been  absorbed  in  the  melting  process.  One  kilogram 
of  k  e  ubsorbs  So  calories  in  melting,  and  furnishes  water  at  the  same  temperatUTC 
OS  the  ice. 

Salt  and  ire  form  a  free?.jng  mixture,  because  the  s^alt  melts  the  ice  by  its  affinity 
fur  wuter^  hut  heat  is  atisorbed  by  a  solid  when  it  becomes  a  liquid,  and  is  taken  Up 
in  this  case  from  whatf*ver  happens  to  be  in  contact  i*"ith  the  freezing  mixture  or 
vpusel  (ontniajnf;  it  Ice  marhines  operate  on  the  principle  that  when  a  liquid 
evniMiralei  it  nbftorbs  Urge  quantities  of  heat,  A  very  volatile  liquid  may  be  made 
lo  eva[xvmte  impfdly  by  placing  the  vessel  containing  it  under  the  receiver  of  an 
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^Mim  M  to  efporate  a*d 
AlModsed  bf  ah  cvi{io»ti^ 
F*  «iih  etle-  ftod  ifllid  or 
H—  2K^  F-  «]^  feimd  uttimB 
persnsc  <rf  — jii*  F'  wMe  i 

Latent  He^  of  Vaporastitfi*— W¥cn  p«R  i 

open  %^eisd  it  tioes  not  rise  ato»e  loo*  C  (aia*  F.),^ 

fire;  It  remains  at  loo^  C  until  it  b  i2  erspoaied. 

of  all  the  heat  applied  to  the  w«lcr?    It  has  ~ 

moleaiks  fartber  apait,  aiMl  is  locted  19  la  tke  ^ 

aJid  in  the  steam  in  tfae  ^oofod.    Tbelieatl&iB« 

call^  Imtent  lieat.    ItiefBiresbesttocfliivtttAKBtiMOj 

or  a  UqoM  iota  a  gas,    Ihm  tcwtxst  k  cqvlf  tni^  thai 

fnren  oot  wtiea  a  Ta|ior  hccomea  a 

a  soUd.    A  kiogiBiii  <if  steam  cxjctams 

t  kilogram  of  water  ttntNi^  537°  C-  or  1*37 

or  537  kfloe^aras  ihiou^  i^  C    S$mm  at  loo"  €L  m  iktm  »1  m  < 

taio  537  cmJories  of  latent  hcaL    The  ktenC  liot  of  vmicr  ii  maai  ms  a 

umt  for  tile  measuremeat  of  hcaL 

Sp^Mc  Heat,— Tbe  Eelatfre  mmfmoA  of 
misa  eqttal  wet^ts  of  substancce 
of  temperatune  ia  calkd  tlieir 
wc^ts  ol  two  giveii  bodies  are  exposed  to  tiie  same  sMim  of  hmi 
tbcj  do  oot  both  m€  in  tempcxatiire  wnk  tiie  ame  lapiditT;  that  is. 
It  lakes  raoce  beat  lo  laise  a  pound  of  mmMsr  from  o*^  C  to  1^  C.  Iha0 
it  does  10  iwe  our  pocmd  of  raocmy  thmn^  tlie  aise  rhanp:  of 
temperature-  Water  lia^  the  b^bet  specific  beat  of  anr  kiicnns  a^ 
stance  except  h^^diogefi  gas. 

Temperature. — From  the  above  it  v3  be  aecB  tfaal  the 
ture  of  a  b xl)  h  entirdj  flistinct  from  the  ai^mt  of  beat  it  < 
Terapemtuie  may  be  deined  as  ibe  tendency  a  bodjr  pnrrr"rri  «f 
bipifting  beat  to  sunoimdii^  bodies.  It  h  tids  Icndencr  vio^  gn«a 
to  our  senses  tbe  mpsessaoo  diat  tbe  boity  is  bat  or  €mM  ;  k  h^  there- 
fore^  tbe  loeasiire  oif  its  arpsible  beat,  or  beat  that  Is  appreoabfe 
to  our  senses.  Tbe  beat  wfakh  a  bodf  "Mfawt^  is  tnade  1^  «#  its 
S€n$ihle  kcai  plos  its  toml  kmi.  The  tonpermtuie  of  a  bodj  i&  mcreased 
or  diminished  hj  adding  lo  or  witfadiawbig  scoi&le  b^  frfim  iL  As 
the  numb^'  and  we|gbt  ot  the  molecules  of  a  giren  hody  are  ooBitaiit, 
the  vamtiotis  of  lempeiatiire  must  mean  a  rartatkiti  in  the  xAdStf  of  tbe 
mo%4ng  molecu]^.  In  our  baD^and-strii^  ihistiation  it  viQ  be  iiidi' 
catod  by  tbe  vdodty  of  tbe  ball  in  i^  path. 
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Thennometers.— Temperaiure   is    measured    by   an    instrument 

llJai  a  thermtimctLT.  Thcrmu meters  are  usually  constructed  of  a 
a!>ed  ^hiss  tLilx\  prtivicJed  with  a  bulb  at  one  end  containing  a  liquid 
whim:  expan?*ion  iir  contraction  is  used  lo  indicate  the  temperature. 
It  h  also  prcividaJ  with  a  scale  to  mark  the  amount  of  contraction 
or  esspuasion  taking  place  in  the  liquid.  Liquids  are  usually  chosen, 
iLN  M*lids  expnnd  too  Hiile  and  gases  too  much  to  be  convenient.  The 
liquids  commonly  used  are  mercury^  or  alcohol;  of  these,  the  former 
i»  mti>4l  extinisivi*ly  used,  because  of  the  long  range  of  temperature 
between  its  freciiinR  and  bulling  points.  Pyrometers  are  instruments 
far  measuring  vtTy  hi«^h  temperatures^  and  are  constructed  of  metal 
or  ftre-clay  whose  inciting  point  is  very  high. 

The  thermometric  scales^  in  common  use  are  the  Fahrenheit,  Celsius 
or  C«?ntignult%  and  Reaumur.  The  difference  in  these  scales  may  be 
M/cen  at  a  glance  by  reference  to  figure  9.  There  are  two  fixed  points 
in  all  tii  ihrm— the  tempcniture  of  meUing  ice  and  that  of  the  steam 
fnim  boiling  water.  Thes«  two  poinLs  must  be  determined  by  actual 
trial  on  rvcry  instmmcnt;  these  pcunts  are  marked  on  the  glass  with  a 
file  or  diamond.  It  only  remains  to  divide  the  space  between  them 
intt»  a  icrtuin  number  of  degrees,  according  to  the  scale  adopted.  In 
the  C'cntigrade  or  Celsius  and  in  the  Reaumur  the  freezing  point  of 
water  is  marked  o^»  while  in  the  Fahrenheit  it  is  marked  j2°. 


Mercury  boils 


Wtter  hoiU 


Wttter  freeiei 


Mercury  freezes 


The  point  at  which  the  mercury  rises  in  the  tube  when  the  latter 
is  pUmgei]  into  steam  from  Ixiiling  w^tcr  is  marked  100°  in  the  Celsius, 
^12^  in  the  Fahrenheit,  and  80°  in  the  Reaumur  It  remains,  then, 
simply  to  divide  the  space  between  these  points  into  100  equal  parts 
in  the  first,  iSo  in  the  second,  and  So  in  the  third.    Chemists  gener- 


aB^^biie  adopted  tbe  Ccntipack  scale;, 
ttnmx^  use  far  ddeoli^c  iiiii!paae&.    Tlir 
ibe  ooe  tci  evieiyday  u^  in  this  uamtiy^      Tht 
ttscd  IS  this  cutmtry^  mad  ve  ^aM  nut  w^  U  i 
fii%^H  todtangt  tie  rawlin^  &QB  €oe  to  fiie 

=  1^  f -1  Md  1=^  F.  -  I**  C     We  a 

o«*  maik  m  die  Fahnalieit  stale  b  53* 

In  coavertiE^  degrees  F.  lo  degrees  C  we  11 

the  Tt&dm^  and  reduce  the  mminriirr,  or 

point  af  water.     While  m  diainging  dqgices   C  to  F. 

32°  to  the  result  to  obtain  tlie  tme  rrariing 


tJp  F,  «^  i«  d 


1 100^ 


I  Ite  effect  upon  tlie  optk  ] 
^^  an  exceedisgl^  mblle  and  pgfcctiy  < 
stnictureiess  fioid  iliag  all  apoee  and  caled  die 
That  dus  ether  rcaOr  exists^  pevKfiag  the  s 
of  alt  bodl^  and  being  nianf  Bi3ibD  tim 
to  U0XL  that  It  offers  do  mpprnxAfk  restaance  to  the  eiith  i 
mils  a  nmnte  thnmgh  it,  was  at  fizst  a  brpochesis  adtaaced  to  t 
certain  wctt-knowii  facts.  That  i^  P^set^  bun  the  sa  aa 
to  the  earth,  no  one  cxa  doubt;  and  jet,  without  some  a^wwifii 
die  abo\T,  we  can  not  concdne  how  h  docs  so  nnless  we  hold  to  a  iarmet ' 
tiew,  irhich  taught  thai  Mghi  m  in  itself  a  fioim  of  aaitcr,  w^hotatj 
weight,  jpvicn  off  bj  htminoas  bodn,  asd  able  to  pasa  tfnm^ 
water,  rocks>  etc.  These  properties  ate  ODatranr  to  all  knowii  iawa^ 
of  ordlDaiy  matter,  as  diho  are  those  ol  the  ether  aaMomfd  in  the  other  I 
thawf. 
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It  is  now  believed  that  a  wave  of  light  is  made  up  of  groups  of  lines 
of  electric  force  moving  with  the  velocity  of  Ught,  and  earning  along 
some  of  the  ether  with  them;  and  that  the  movement  described  by  a 
given  particle  of  ether  during  the  passage  of  the  light,  is,  in  the  main, 
an  oscillation  at  right  angles  or  peri>endicular  to  the  direction  of  the 
ray  or  beam. 

Transniission  of  Light.— The  motion  of  a  ray  of  light  travels 
along  the  line  of  particles  very  much  in  the  same  way  that  it  passes 
along  the  line  of  ivory  balls  placed  in  contact  on  the  billiard  table 

when  a  bail  strikes  the  end  one  directly 
in  line  with  the  rest.  The  motion  or 
impuke  passes  along  the  line,  but  the 
ball  at  the  opposite  end  is  the  only 
one  seen  to  move* 


The  transmission  of  force  may  be  i!li 
\  traled  by  pkcinj^  a  ruler  on  the  table,  holdi  _ 
it  tirmly  in  place,  with  a  marble  in  contact  witK 
one  end,  and  with  a  hard  body  slriktng  a  short, 
quick  blow  at  the  other  end.  The  stick,  as  a 
whole,  does  not  move,  bui  the  jar  will  be  felt 
to  pass  under  the  hand  and  the  marble  nlli 
move  from  iti^  place* 

A  frequent  class-room  illuslration  of  the 
transmission  of  force  is  that  represented  in  fig- 
ure lo.  A  number  of  wood  or  ivor^'  balls  are 
suspended  by  cords  m  that  they  touch  one  another  when  at  rest*  On  raising  A  to 
the  ]>osition  represented  in  the  cut  and  allowing  it  to  fall  against  the  ball  L\  none 
of  the  balls  arc  seen  to  move  except  B,  which  Is  carried  on  to  ihe  jxjsition  b.  As  it 
returns  to  strike  its  neigh Ixir^  the  ball  A  k  thrown  of!  to  a  less  distance  than  it  was  al 
iirst  carried.     The  other  ImUs  remain  at  rest,  but  transmit  the  force  itlong  the  Ime. 

Color  and  Intensity* — It  h  evident  that  these  oscillations  may 

differ  in  rapidity  or  in  their  amplitude — i.  t.f  comparing  them  to  the 
movements  of  a  pendulum,  they  may  vibrate  rapidly  or  slowly,  and 
they  may  swing  a  long  or  a  short  distance^  Upon  the  extent  and 
nipidity  of  these  oscillations  depend  tw'O  important  differences  in  the 
eflfccts  of  light  on  the  organs  of  vision— viz.,  color  and  brilliancy; 
the  brilliancy  depending  upon  the  force  of  the  blows  u[>on  the  retina, 
and  the  color  upon  the  number  in  a  given  time.  The  intensity  of 
light  varies  inversely  as  the  square  of  the  distance  from  the  s*>urce. 

We  have  an  analogous  fact  in  sound.  Here  we  can  more  easily  demonstrate 
the  truth  of  the  fac  t  that  the  intensity  of  the  sound  dewnds  upon  the  amplitude  of 
the  vibrations  of  the  molecules,  while  the  pitch  depends  u}Kin  the  number  of  waves 
or  pulsations  which  reach  the  ear  in  a  given  lime.  Fram  well -established  data  we 
are  able  to  calculate  the  rapidity  of  the  osu:  illations  which  produce  the  difFerenl 
sensations  of  cojor^  and  the  corresponding  lengths  of  the  ether  waves.  Some  aEj 
these  rciiults  are  cxprvsscd  in  the  following  table ; 


I 


LIGHT.  3  J 

heaph  of  W»ve«  ia  Foe-  Kmnber  of  OsdlkdeoB 

Red . ,. - -, 650  miDionths.  47 ^,000,000, 000,000 

dmoge — 6og  *'  5  06,000,  ocm.ooo,  000 

Yeikiw, , . , .  .576  **  535,ocx),ooci,ooo,ooo 

Green -...---.--...- --..Sj6  '*  5771000,000,000,000 

Blue.*,--*.- 49S        **  633,000,000,000,000 

Indigo,-... ......470  **  658,000.000,000.000 

Vlolrt --^ --,--,44*  "  699iOC>o,ooo,ooo,ooo 

The  color  of  ail  object  depends  upon  the  character  of  the  light  it  reflects  or 
tfmtisinlt£  to  the  eye,  A  beam  of  white  light  is  comjxjs^rd  of  a  v^etj'  of  different 
e^ks^  ligjits  mingled  logcthert  as  can  be  shown  by  passing  it  through  a  prism 
of  gUas  haviDg  an  angle  of  60°,  by  which  it  is  decomposed  into  its  component  colors.  ] 
When  «  body  Looks  red  to  us,  it  is  because  it  absorbs  or  destixDys  all  the  osciUaiiona 
of  the  white  light  except  those  which  give  us  the  sensation  of  redness.  If  U  be  blue, 
only  the  vibrations  that  give  us  the  sensation  of  blue  tight  are  reflected.  Some 
liodies  and  solutions  reflect  une  color  and  trafismit  another.  The  color  transmitted 
y^idly  tlie  complementary  color  to  the  one  reflected— f.  e.,  if  the  two  lights  are 
'  tc^tber  they  produce  the  sensation  of  white  light-  Thus,  red  is  com  pie - 
to  bluish -green,  yellow  to  ultramarine,  orange  to  Prussian  blue.  If  a 
of  nickel  salt  and  one  of  cobalt  are  cauiiouiily  misced,  the  color  of  the  one 
witii  that  of  the  other  so  as  to  form  a  colorless  solution,  becatisc  the  colors  are 
COlItpilementanr^ 

f    '  Refraction  of  Light,— UTien  a   my  of  light   passes  obliquely 
from  a  lurerj  transparent  medium  to  a  denser  one,  it  is  bent  toward 


Fro.  TT. 


the  perpendicular  J  and  away  from  the  perpend  icialur  when   pas 
from  a  denser  to  a  rarer  medium.     This  is  called  refraction.    The 
action  of  lenses  is  dependent  upon  the  refraction  of  light. 

The  SpectnuQ,— \V"hen  a  l>eani  of  white  light  is  passed  through 
a  prism,  as  represented  in  figure  11,  it  is  not  only  refracted, — that  is, 
bent  from  its  ori^nal  course, — but  the  colors  of  which  it  is  composed 


s6 


MEDICAL  CHEMISTRY, 


are  unequally  bent,  and  are  thus  separated  from  one  another.  If  we 
allow  theiH  to  fall  upon  a  white  screen  (S,  Fig.  ii),  they  produce  a 
series  of  blending  tints  upon  it,  which  are  called  a  spectrmn. 

The  red  ra>^,  which  are  least  bent  from  their  course,  are  said  to  be 
the  least  refrangible,  while  the  violet  are  the  most  refrangihle, 
intermediate  between  these  colors  we  find  the  orange,  yellow,  gret^n, 
blue,  and  indigo.  The  prism  thus  gives  us  an  easy  means  of  analyzing 
a  beam  of  hght,  to  show  the  character  of  the  rays  producing  it.  Such 
obser%^ations  are  usually  conducted  by  means  of  an  instrument  called 
a  spectroscope  (Fig.  12). 

The  Spectroscope.— Figure  13  will  illustrate  the  construction  of 
the  spectroscope.  The  light  is  received  from  the  source  of  light 
through  a  ver>'  narrow  slit  (S),  regulated  by  a  screw;  it  passes  through 
the  tube  (A),  called  the  colhniator,  and  is  directed  through  the  prism 
(P),  which  may  be  made  of  flint  glass,  or  it  may  be  made  hollow  and 
filled  with  bisulphide  of  carbon.  In  some  instruments  there  are  sev- 
eral ilint  glass  prisms,  so  arranged  that  the  light  is  made  to  pass  through 
all  of  them,  so  as  to  secure  a  wider  dispersion  of  the  rays  than  can  be 
obtained  with  one  prism.  The  beam  of  light,  after  traversing  the 
prisms,  is  viewed  with  the  telescof>e  at  (B).  For  purposes  of  com- 
parison, an  additional  tube  (D)  Ls  attached,  by  which  another  light 
may  be  thrown  upon  the  surface  of  the  prism  so  as  to  be  reflected 
through  the  telescope  by  the  side  of  the  light  from  (S)  *  Many  in- 
struments are  now  made  with  a  combination  of  prisms  so  arranged 
that  the  ray  of  light  in  passing  through  the  prisms  is  not  bent  from 
its  course.    These  are  called  direct  vision  spectroscopes. 

Bright  Lines.— ^When  we  view  monochromatic  light  with  the 
spectroscope, — that  is,  a  light  composed  of  but  one  color,— we  see 
only  a  vertical  image  of  the  slit  S  at  B,  and  its  position  on  the  scale 
will  depend  up*m  the  rcfrangibility  of  that  color.  If^  on  the  other 
hand,  we  illuminate  the  slit  with  a  light  containing  several  rays  of 
different  degrees  of  refrangibility,  we  i^hall  see  one  image  for  each 
ray  present;  and  they  will  Ijc  sepamted  from  one  another  by  their 
differences  of  refrangibility.  The  same  color  always  appears  in  the 
same  position  %vith  reference  to  the  others.  A  solid  body,  heated 
till  it  emits  a  pure  while  light,  produces  so  many  images  spread  out 
on  the  field  of  visi(*n  thut  one  overlaps  another  until  there  are  no  dark 
spaces  between  ihem^  thus  producing  a  continuotis  spectrum.  If 
we  place  a  lighl  before  the  slit  which  emits  ver)'  little  light  of  its  own, 
such  as  that  given  by  a  Bunsen  burner,  and  then  put  into  this  flame 


*  For  an  explatuidon  of  the  principle  of  lenses  the  student  is  referred  to  works  on 
physics. 


UGBT. 


yi0,  „.-^t<cL£  FuviU  Sftjcnkoscon. 


MEDICAL  CHEMISTRY, 


a  little  stxlium,  which  gives  a  pura  yellow  light,  we  shall  see  but  one 
image  of  the  slit,  and  that  in  the  position  occupied  by  the  yellow  in 
the  amtinuouii  spectrum  or  the  D  line  in  the  solar  spectrum.  If  we 
use  lithium  instead  of  j^dium,  we  get  one  Image  in  the  position  occupied 
by  the  red;  if  thallium  be  used,  the  single  image  is  seen  in  the  position 
of  the  green.  If  we  mix  the  three,  we  shall  see  the  three  images  as 
bright  lines,  each  in  its  own  position^-^jne  in  the  yellow,  one  in  the 
red,  and  one  in  the  green*  In  the  best  instruments  the  yellow 
sodium  line  appears  as  two  parallel  lines.  If  we  illuminate  the  slit 
with  the  vapor  of  a  metal  which  emits  rays  of  several  different  degrees 
of  refrangibility,  we  shall  see  several  images,  or  bright  lines,  in  difTer- 
ent  portions  of  the  field.  Any  given  element  always  emits  the  same 
rays  under  like  conditions;  hence,  by  the  use  of  the  spectroscope,  we 
may  determine  by  the  lines  we  see  in  the  telescope  what  element  is 
introduced  into  the  flame  of  the  lamj>- 

Solar  Spectmm— Dark  Bands.^-If  we  illuminate  the  slit  with 
the  light  of  the  sun,  we  see  almost  a  continuous  spectrum,  marked 
by  a  number  of  dark  lines,  known  as  "  Fraunhofer's  Hnes/'  the  cause 
of  which  we  shall  refer  to  again. 

The  most  prominent  of  these  dark  lines  have  been  designated  by  the  letters 
the  alphabet,  as  will  be  seen  on  referenee  to  the  solar  spet  tnjm  in  the  frontiBpiecc, 
These  lines  serve  as  Jand marks  Ufwm  ihe  s|H*ctrum,  by  which  we  can  fix  the  pusitiun 
of  other  lines,  or  by  which  we  can  designate  the  position  of  any  line.  The  D  line, 
for  example^  is  the  mo&t  brilliant]  and  can  atway^  l>e  seen  in  the  solar  spectrum 
This  serves  as  a  stariing-potnt  in  mapping  Ihe  spectnimi  or  as  a  goiide  In  focusing 
adjusting  the  telescope. 

Spectmm   Analysis, --The  spectroscope  is  an  important  aid  to 
chemical  analysis,  when  usecl  with  certain  precautions,  and  with  a 
tain  well-known  facts  in  its  use  kept  in  mind. 

The  principles  upon  which  spectmm  analysis  is  founded  aie 
follows: 

1.  All  bodies,  when  intensely  heated,  become  luminous. 

2.  Solid  and  liquid  bodies,  if  opaque,  emit  when  heated  first 
red  light,  and  as  the  temperature  rises  the  other  ailors  make  their 
appearance,  and  mingle  \dth  it  until  all  the  colors  are  present  and 
produce  white  light.  If  the  temperature  reaches  w^hat  is  called  a  blue 
heat,  the  blue  and  violet  rays  begin  to  predominate. 

3.  The  eleinentary  substances  give  their  characteristic  and  peculii 
light  only  in  the  state  of  gas  or  vapor.  Hence,  when  we  examine 
the  light  frt>m  any  given  source,  we  conclude,  if  the  spectrum  is  con- 
tinuous, that  the  heated  substance  is  a  liquid  or  a  solid,  while  if  the 
spectrum  is  bnoken,  that  It  is  a  luminous  gas  or  ^-apon  From  the 
position  of  the  bright  lines  we  determine  the  nature  of  the  substance 
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[|Miig  the  light.  Thcfc  are,  however,  a  few  exceptions  to  this  prin- 
L'Dcter  certaiEl  conditions,  even  a  ^m  may  give  oU  a  light  that 
,  m  contiftuous  spectrum. 

4-  Al  the  lensperature  at  which  gases  or  vapors  become  luminous, 
bodies.,   as  a  rule,  break  up  into  their  constituents — u  <r,, 
ikatokcul^  seem  to  t>e  dissociated.     For  this  reason  little  is  known 
Wfe  spectra  of  compound  bodies, 

5.  Xl  a  higji  tempera ture  the  metallic  atoms  are  much  more  lumi- 
mm  thftn  the  non-meUlHc  with  which  they  are  associated.  Hence, 
ihoi  we  examine  the  vafK>r  of  a  metxillic  salt  rendered  luminoas,  the 

;  vnittcd  Is  ^^  largely  that  of  the  dissociated  metallic  atoms  that, 
mil  of  that  metal  he  used,  we  obtain  essentially  the  spectrum 
4  the  roetiLl  itself. 

6u  If,  when  the  *>lit  of  the  spectroscope  is  directed  toward  a  source 
a(  wiiite  light  giving  a  continuous  spectrum,  another  flame  giving  a 
■poxhionialic  light  from  a  luminous  vapor  be  interposed  betvveen 
tke  while  light  and  the  slit,  a  dark  image  of  the  slit  \^'ili  appear  in 
ike  posaikm  where  the  vapor  itself  would  have  given  a  bright  line;  1 
Ihil  isy  when  the  light  (mm  a  liquid  or  solid  luminous  body  is  made  | 
to  pasfr  thfough  a  luminous  vapor,  thoise  rays  of  light  which  the  vaiK>r  I 
«i  Itedf  cmtts  are  absortied.     Hence,  when  we  analyze  the  Ught  of  a  * 
dteuii  soofce  of  light,  and  obscne  a  continuous  spectrum  marked  by 
dufc  Bnc^  we  inay  conclude  ihat  it  is  produced  by  a  solid  or  liquid 
hmouits  bcxly  itiining  through  a  luminous  vapor.    This  espbins  the 
dink  Bnes  f^ccn  in  the  sobr  spectrum.     They  teach  us  that  the  sun  is  a 
wtAt  iBlawidy  luminous  boiJy,  surrounded  by  a  luminous  atmos[ihere, 
7»  Mmay  substances  In  solution  absorb  certain  rays  iwm  a  beam 
of  wUle  K^  parsed  thn>ugh  ihem,  and  the  |>ortions  of  the  spectrum 
Alwofhcd  are  peculiar  to  each  substance.     We  thus  have  a  means  of 
ihe  prcsieiice  of  a  ^cw  substances  which  can  not  lie  rendered 
by  ifOJ^ng  a  white  Itght  tltrough  the  solution  suspected  to 
them* 

Mhrnrption  Spectra*— When  we  wi.sh  to  obsene  the  spectrum  of 
i  bfoid  we  place  it  in  a  glass  tul>e  or»  preferably,  a  vessel  having 
IwaJid  aides,  and  place  this  before  the  slit  of  the  spectroscope.  We 
Wm  thn^w  m  stmog  ivhile  light  thnnigh  the  ^^lution  and  into  the  slit 
U  dhe  httstniment  Solutions  of  erbtum  and  didymium  examined 
a  lltti  w»j  absf^rb  rerlain  portions  of  the  s|>ectrum.  The  particular 
p^tjoisi  trf  light  4lbsfirl>cd  arc  |:M:cyliar  to  each,  and  in  these  cases  the 
dAfk  Ntyfifc  jicmjw  the  bright  s[>ettrum  occupy  the  same  [K>sitions  in 
wUch  Ihe  vapors  of  ihinr  elements  give  light  bands.  Absorption  Imnds 
ifiier  fntm  tlic  daik  line*  of  the  sr»lar  sfK^ctrum  in  being  broader  and 
fc*t  10  iharply  roa^^ecl     They  are  often  only  a  slightly  dackened  j>ortion 
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of  a  bright  spectrum.  Passing  the  Ught  through  a  cry^stal  of  the  sub- 
stance, in  some  cases^  gives  die  same  result  as  passing  it  thrcmgh  its 
solution. 

The  use  of  the  spectroscope  in  medicine  and  toxicology  is  chiefly 
confine(i  to  the  observation  of  absorption  spectra  of  various  solutions. 
Some  idea  of  the  api>earancc  of  such  spectra  may  l>e  obtained  by  ref- 
erence to  the  frontispiece,  remembering  that  the  spaces  which  appear 
white  there  are  in  practice  occupied  by  the  colors  of  the  solar  spec- 
trum in  their  appropriate  places. 

Chemical   Effects  of    Light,— Light  is  capable  of    producin 
marked  chemical  and  physiolugical  changes.     The  chemical  changes 
which  take  place  in  the  leaves  of  ji:rowing  plants  require  the  presence 
of   light.     The  art  of  photography  is  based  upon  chemical  change 
produced  by  light  upon  the  silver  salts. 
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If  a  mux ture  of  pune  hydrogen  and  chlorine  gases  be  prepared  in  the  dai-k  and 
kept  there,  no  cambination  takes  place;  if  the  mixture  be  brought  out  into  a  light 
room,  a  gradual  combination  takes  Jilace,  and  hydrochloric  acid  h  the  result;  if 
Lhe  miicturc  be  placed  in  the  direct  rays  of  tbe  sun,  Instead  of  diHused  lighu  the 
combination  takes  (ilace  with  an  explosion.  The  light  in  this  case  causes  chemical 
action.  Tbe  electric  light  and  other  intense  lights  produce  the  &ani€  effect*  If  a 
piece  of  white  paper  wet  with  a  solution  of  nitrate  of  silver  be  kept  in  a  dark  mom, 
no  ehaiige  take^^  place  In  it;  but  if  the  paper  b«  exposed  to  a  strong  light,  It  t^gim 
to  grow  dark,  and  finally  becomes  black. 

Many  chcmicab  kept  in  the  light  arc  in  time  sensibly  changed-  Silver  and  gold 
solutions,  in  presence  of  organic  matter,  deiJosit  a  }>art  of  their  metal  tn  the  nieiallic 
form*  Nitric  acid  becomes  slowly  yellow  from  the  decomposition  produced  by  the 
light.  A  solution  of  the  s)Tup  of  the  itxlidc  of  iron,  on  e,i<p<jsure  to  air  becomes 
brown  from  decomjxjsition;  but  on  ext)asure  to  the  direct  sunlight  it  again  re- 
combjnt^s  and  returns  to  the  normal  green  color.  The  art  of  photography  depends 
uptin  the  changes  produced  by  light  in  silver  &alts,  gelatin,  etc.  Sometimes  the 
change  seems  to  be  a  true  chemical  reactioni  and  in  other  cases  it  is  a  molecitlM^H 
change  only.  ^  ^^B 

It  has  been  found  that  it  is  not  always  the  luminous  part  of  the  ray  of  light  thai 
effects  these  changea^  but  that  they  are  cbicdy  firoduccd  by  certain  invisible  raj's 
found  mo^t  abundantly  in  and  Ijeyond  the  violet  t>art  of  the  spectrum*  From  this  it 
basi  been  cont  ludcd  that  the  light  of  the  sun,  as  well  as  the  light  from  some  other 
sources,  contains  certain  rays  having  this  fiower  to  produce  chennVal  changes,  but 
whose  vibrations  are  tcso  rapid  to  affct  t  the  eye  to  give  the  sensation  of  light.  Thb 
action  of  tight  is  known  as  actinism ^  and  the  rays  jiroducing  it  arc  called  actinic 
rays,  ^ 

The  licat  rays  which  accompany  the  light  rays  in  an  ordinar>^  bear 
of  light  are  less  refrangible  than  the  latter,  and  are  therefore  found 
principally  in  the  orange,  red,  and  ultra- red  portions  of  the  spectrum. 
We  thus  have  three  kinds  of  rays  in  the  solar  spectrum: 
I.  The  heat  rays  extending  fmm  without  the  red  to  the  line 
(see  frontispiece),  being  most  intense  at  A,  or  in  the  red. 

II.  The  light  spectrum  extends  from  A  to  H,  being  most  intense 
between  D  and  E. 
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ni.  The  actinic  rays,  found  from  E  to  some  distance  beyond  the 
viokt,  and  being  most  intense  at  FL 

Physiological  Effects  of  Light*— Light  stimulates  nene  tissue 
and  pfomot^  oxidation  within  the  tissues.  The  human  body  exhales 
one-third  more  carbon  dioxide  in  a  stmng  light  than  in  the  dark^  and 
absorbs  more  oxygen.  Direct  sunlight  is  capable  of  penetrating  the 
entire  body.  The  >iolet  and  ultraviolet  or  actinic  rays  have  the  greatesi  j 
effect  upon  nutrition,  and  have  been  employed  for  therapeutic  effects-  ^ 
The  peculiar  rays  of  light  develo|ied  in  a  vacuum  tube  by  the  discharge 
of  electrical  sparks  are  known  to  possess  great  penetrating  power,  and 
to  effect  greater  nutritive  changes  than  solar  Ught.  These  rays  have 
been  much  employed  in  the  treatment  of  certain  malignant  growths. 
Similar  effects  have  been  oblainetl  by  the  radiations  from  radium^ 
polonium,  and  actinium. 

Polarization  of  Light.— Ordinary  light,  according  to  the  wave 
theory,  is  due  to  vibrations  of  the  luminiferous  ether  occurring  in  ail 
digections  or  planes  at  right  angles  to  the  path  of  the  ray. 
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A  niy  of  light  is  said  to  be'  plane  polarized  when  these  vibralions 
'are  so  changed  as  to  occur  only  in  one  plane.     This  change  in  the 
vibralions  may  be  producKi  by  passing  the  ray  of  light  through  cer- 
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taai  oystab,  such  as  Iceland  spar,  selenite,  quartz,  etc,  or  by  reflection 
flora  a  glass  plate  placed  at  an  angle  of  35°  25'  to  the  path  of  the  ray^ 
or  imm  water  at  an  angle  of  52^  45'* 

We  may  iliustratr  the  effect  of  pobiizadon  upon  a  ray  of  light,  roughly,  by  a  , 
itria^  stretched  between  two  poin^,  A  and  B,  figure  14.     If  we  touch  the  string 
wHk  llie  fifi^er  it  is  free  to  vibrate  in  all  difpctiofis — up  and  down,  side  to  side,  or 
Is  aqff  siitiervi*ning  plane.    If  now  we  place  over  the  ccnier  of  the  string  a  piece  of 
CSfTOOArd,  C,  figure  1 5,  with  a  long  sUt  cut  in  It,  and  then  cause  the  siring  to  vibrate, 
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the  vibrations  will  be  Elmlted  to  the  direction  of  the  length  of  the  slit  in  the  raid. 
This  maj  serve  lo  illustrate  the  effect  of  a  polarizing  crystal  u|xin  a  raj  of  light. 

If  in  this  experiment  a  second  piece  of  cardboard  be  empJoyed,  so  held  that  the 
sHl  is  in  the  same  pjisitian  as  the  first j  no  interference  with  the  vibration  will  take 
plaLc.  This  cardlxjard  may  serve  to  lepresent  a  second  section  of  a  crj^slal  ihrough 
whitb  the  hght  is  made  to  pas5. 

If  whjle  the  string  is  vibrating  the  second  piece  of  tardboartl^  D,  is  made  to 
rcvoJve  through  90°  so  that  the  slit  in  this  cartl  is  at  right  angles  with  that  in  the 
first  card,  the  vibrations  of  the  string  will  be  linjited  in  all  direcdonst  and  it  will 
cease  to  vibrate. 

If  instead  of  the  string  we  use  a  ray  of  lights  and  in  place  of  the  cardboards  we 
use  sections  of  a  |jo[ariiiing  crv'stal,  the  vibrations  of  the  ray  %ill  be  limited  to  one 
direction,  but  continue  to  pass  as  long  as  both  crystals  are  in  the  same  rebtiveJ 
portion.     If  we  conceive  a  cross-section  of  a  ray  of  hght  magnified,  wc  might  repr©-l 
sent  the  path  of  the  vibrations  of  the  molecule  by  the  spokes  of  a  wheel,  as  ai  A,  ' 
figure  16. 

We  may  conceive  that  the  molecules  of  the  crystal  are  arranged  in  lines  so  that 
they  interfere  with  all  vibrations  not  in  the  same  plane  as  these  rovi-s  of  molecules. 

In  the  first  crystaJ  we  may  conceive  these  rows  to  be  vertical.  The  light,  after 
passing  through  this  crystal,  as  shown  in  cross-section  at  Bj  is  seen  to  be  polarizeilj 
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in  the  vertical  plane — i^  f-t  the  vibraijons  of  the  particles  of  ether  are  reduced  to  one 
plane. 

If  a  second  crystal  be  interposed  in  the  path  of  the  polarized  ray,  nnd  held  in 
the  same  position  \%-jth  reference  to  Its  axes  or  lines  of  molecules  as  the  first,  the  ray 
will  pass  unobstructed. 

If  the  second  of  the  crystals  be  rotated  through  90°,  this  will  interfere  with  the 
vibrations  of  the  ray  as  polarized  by  the  first  crystal,  and  they  will  cease — L  e.,  no 
light  will  pass  through  this  second  crystal.  Only  those  vibrations  can  pass  this 
crj'Stal  which  take  place  in  the  plane  shown  in  C,  at  right  angles  to  tht>sc  shown  by 
B.  Polarizing  crystals  can  not  be  supposed  to  contain  slitsj  as  here  indicaledi  but 
their  molecules  are  so  arranged  as  lo  sift  the  light  that  passes  ihmugh  them  and 
limit  the  vibrations  of  the  lumirdferous  ether,  just  as  the  slit  in  the  cardbfjard,  in  our 
first  illustration,  does  the  \ibrations  in  the  string.  ^^| 

If,  in  the  above  exf^eriment,  wc  place  the  cards  upon  the  string  so  that  the  sMl^B 
in  one  makes  an  acute  angle  with  that  in  the  other,  the  string  will  still  continue  to  ' 
vibrate,  but  it  will  s^ing  through  a  shorter  distance,  which  will  grow  shorter  as  the 
second  card  is  rotated;  that  is,  Ihe  vibrations  are  gradually  slopped  as  the  card  is 
turned.  The  same  phenomena  are  ohsefved  with  the  crystals.  If  the  crv'stal s  are 
placed  in  the  same  position  with  relation  to  their  principal  a^tes,  the  light  passes 
freely.  If  one  of  them  be  rotated,  the  transmitted  light  grows  gmdually  less  and  less 
until  the  cnstal  is  turned  through  90°,  when  almost  total  darkness  results.  Them  , 
is  n<ithing  in  the  appearance  of  a  polarised  ray  to  indicate  to  the  naked  eye  it 
peculiar  condition;  but  if  the  eye  be  aided  by  a  polarizing  prism,  it  is  easy  to  <^ 
the  fact  that  it  is  polarized. 
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Dimlile  Refraction  and  Polarization*— If  a  black  dot  on  a 
ilcd  ol  paper  be  iot»ked  at  tliroogh  u  crystal  of  Iceland  spar  (cal- 
dte),  tlicre  appear  to  be  two  doB*  The  ray  of  light  in  passing  through 
liic  CTfitaJ  to  the  eye  i:^.  split  into  two  tnys  of  equal  brilliancy.  If  the 
Qpt^  be  r*>liil€d,  one  of  the  dots  revolves  around  the  other*  The 
m  liiat  gives  the  stationary'  imitge  is  called  the  ordinary  ray,  while 
die  odier  is  catlkd  the  extraordinary  ray.  Both  rays  are  polarized, 
lad  in  pbnes  which  are  at  right  angles.  It  is  found  that  certain  non- 
OTHllifie  511  balances,  like  muscle,  cilia,  ctc^  are  doubly  refracting. 

Ite  Hicol  piism  is  the  prism  usually  employed  as  the  analyzer 
il  pofauisccip^s.  1 1  consists  of  a  rhombohedron  of  Iceland  spar 
(KfiM  thfough  its  tibtuse  angles,  b,  d,  e,  /  (Fig.  17),  and  at  right 
JOllcs  with  r  '  ^^^  ^t  ^^  ^*  ''-    The  cut  surfaces  are  polished  and 

%o^  i^-uQ  in  the  fonner  position  with  Canada  balsam. 


ly  of  Ught  h  passed  into  such  a  prism  it  is  split  into  two 

tfpt,  llic  pjctraordinary,  iirnl  h  n,  the  orflinary  ray.     When 

ie  CanitfU  balsam  at  n,  it  undergoes  total  refraction  and 

mil  in   the  direction  n  0:    while  the  exlrat^nlijiary  ray  passes 

Ihnii^  uwi  cinrqcc!!  nlnnc  in  a  direction  pimilH  to  the  entering  my. 

hjf  the  ttsc  ol  such  a  priMo  the  Hght  is  completely  [jolarized  in  one 

If  txrr..  Kli-iil  nri^ms  he  mounted  In  a  tnbc  so  that  the  light  may 

pi  \  bi*lh,  we  have,  in  principle,  an  instrymcnt  known 

n  iiw:  j-ijj.-*i']"t      When  the  two  prisms,  thns  mounlcdt  are  in  the 

itkm   with  reference  to  their  axe.H,  the  light  pasj^es  readily 

both.     On  niliiting  une  of  thr  f^risms  to  the  right  or  to  the 


^hl  b  nkinr  and  more  ob&tructed  until  the  [jrism  is  turtied 
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through  90^,  when  ven^  litUc,  if  any,  Ught  passes  thiough.     The  use 
made  of  this  property  of  the  Nicol  prism  will  be  referred  to  again* 
Rotation    of    tia    Plane    of   Polarization.— Certain    cT>stak, 

such  m  quartz,  certain  fluids,  such  as  turpentine,  and  solutions  of 
certain  substances,  like  sugar  and  albumin,  have  the  power  of  rotating 
the  plane  of  the  pokrized  ray  sent  through  them  to  the  right  or  left 
Such  substances  are  said  to  be  optically  active.  The  degrees  of  a 
circle  through  which  the  rotation  occurs  often  ser\'e  for  the  accurate 
estimation  of  these  bodies.  This  method  ma\'  be  used  for  the  estima- 
tion of  the  sugars,  turpentine,  certain  alkaloids,  albumin,  etc.  The 
rotation  produced  is  different  for  different  kinds  of  light.  Wliite 
light  is  split  into  its  \'arious  colors,  each  color  being  rotated  differ- 
ently.  White  light  can  not,  therefore,  be  employed  for  tiansmission 
through  the  instrument  in  these  examinations.  A  monochromatic 
light— usually  that  from  volatilising  a  sodium  salt  in  the  flame  of  i 
Bunsen  burner — is  employed.  This  gives  a  bright  yellow  light,  which 
is  practically  monochromatic. 

Polaiimeters  or  polariscopes  are  instruments  for  determining 
the  strength  of  solutions  of  sugar,  albumin,  etc.,  by  the  direction  and 
amount  of  rotation  they  produce  in  the  plane  of  polarized  light. 
They  are  sometimes  called  saccharimeters,  because  they  are  a>n- 
structed  especially  for  the  estimation  of  sugar. 

There  are  in  the  market  various  forms  of  polarimeters,  but  in  all 
forms  of  the  apparatus  the  polarizer^  or  means  of  obtaining  a  beam  of 
polarized  light,  consists  of  the  Nicol  prism  above  described.  The 
analyzer  is  composed  of  a  similar  Nicol  prism.  A  telescope  b  em- 
ployed as  an  eyepiece.  The  polarizer  is  mounted  at  P  R  (Fig.  18), 
The  analyzer  is  so  mounted  at  II  that  it  may  be  rotated  about  its  long 
axis,  and  Is  provided  with  an  arm  which  moves  upon  a  graduated  scale, 
so  that  the  degree  of  rotation  from  the  zero  point  may  be  measured 
in  degrees  of  the  circle.  A  solution  of  the  substance  to  be  examined 
is  placed  in  a  tube  with  glass  ends  and  brought  between  the  polarizer 
and  analyzer  in  the  support  L.  The  light,  after  being  p<jlarized,  passes 
through  the  tube  and  then  through  the  analysier, 

Laurent *s  polarimeter  (Fig.  iS)  Is  one  of  the  simplest  and  best. 
In  this  instrument  one-half  of  the  field  of  vision  h  covered  by  a  very 
thin  plate  of  quart/.,  which  slightly  rotates  the  plane  of  the  light  pass- 
ing through  it,  and  causes  some  light  to  pass  even  when  the  polarizer 
and  analyzer,  both  of  which  are  Nicol  prisms,  are  crossed.  If  the 
analyzer  (H)  be  rotated  so  as  to  cause  the  quartz  plate  to  become 
dark,  the  light  pass(^  through  the  uncovered  half  of  the  field.  In  an 
intermediate  position  the  two  halves  of  the  field  appear  equally  illumi- 
nated.   The  scale  (C)  is  so  graduated  that  this  position  of  the  ana- 
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'  is  made  the  ^ro  fjoinl  of  the  inslniment.  The  slightest  de^^iation 
be  analyzer  fmm  ihls  position  causes  one-half  of  the  field  to  appear 
the  other  half  ligbter.    There  is  thus  presented  to  the  eye 


u>  h  Ml  is  thus  very  sensitive. 

It  J  y  ImiTumcnlM  the  circle 

led  boih  inia  dtrgrcc^  iiad  hupir  uniUp  or  jierceatages.    The 
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scale  is  read  by  means  of  a  vernier  and  lens  (N).  Before  using  an 
instrument  the  obser\'ation  tube  is  filled  with  water  and  placed  in 
position  between  the  analyzer  and  polarizer.  If  the  instrument  is 
properly  adjusted  the  zero  mark  on  the  vernier  will  correspond  Mvith 
the  zero  point  of  the  scale,  when  the  two  halves  of  the  field  are  equally 
illuminated.  The  tube  is  then  filled  with  the  solution  to  be  tested 
and  again  placed  between  the  analyzer  and  polarizer,  when,  if  it  is  an 
active  substance,  the  plane  of  the  polarized  ray  coming  from  the  ana- 
lyzer will  be  turned  to  the  right  or  to  the  left  in  passing  through  the 
solution,  and  one-half  of  the  field  will  be  lighter  than  the  other.  The 
amount  of  rotation  of  the  plane  of  the  polarized  ray  will  be  propor- 
tional to  the  amount  of  the  active  substance  in  the  solution.  It  will 
now  be  necessary  to  rotate  the  analyzer  (H)  to  the  right  or  to  the 
left,  so  that  the  two  halves  of  the  field  will  again  appear  equally 
illuminated.  When  this  has  been  accomplished,  we  may  read  oflF  on 
the  vernier  the  degrees  of  the  circle  through  which  the  analyzer  has 
been  rotated.  In  this  way  the  amount  of  rotation  of  the  polarized 
ray  is  determined. 

The  specific  rotatory  power  of  any  substance  is  the  amount 
of  rotation  of  the  plane  of  polarized  light,  in  degrees  of  a  circle, 
produced  by  one  gm.  of  the  substance  dissolved  in  one  c.c.  of 
the  liquid,  examined  in  a  tube  one  decimeter  in  length. 

The  specific  rotatory  power  of  a  substance  is  obtained  by  dividing  the  angular 
rotation  observed  in  the  polarimeter  (a)  by  the  length  of  the  tube  in  decimeters  (I) 
and  by  the  number  of  grams  in  one  c.c.  of  the  liquid  (w).  If  a  sodium  flame  be 
used  as  the  source  of  light,  the  specific  rotation  of  the  substance  is  that  of  light, 
with  wave-lengths  corrcsj^nding  to  the  D  line  of  the  solar  spectrum,  and  is  usually 
denoted  by  (a)  d.    Then  the  above  statement  may  be  expressed  as  follows: 

a 

(a)D  =  -f  or . 

wl 

In  this  formula  plus  indicates  that  the  sul)stance  is  dextrorotatory  and  minus  that 
the  substance  is  levorotatory.  If  in  this  formula  the  specific  rotatory  power  of  the 
substance  under  examination  be  known,  and  we  wish  to  find  the  value  of  w,  or  the 
weight  of  the  substance,  then  the  formula  becomes: 


w  =  -f  or  • 


(a)D  XI 


In  this  formula  (a)  is  the  observed  rotation,  (1)  the  length  of  the  tube  in  decimeters, 
which  is  known,  and  (a)D  the  specific  rotatory  power,  which  has  been  determined 
for  all  well-known  optically  active  substances;  (w)  can  easily,  therefore,  be  calcu- 
lated. The  specific  rotatory  power  of  a  few  of  the  most  important  optically  active 
substances  is  as  follows: 
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-  +  59  f 

-  +  t30.il* 


Levulose, 
£gg-aibutmn, 
Serum-aJ  bumin. 


(a)o  =  —106° 


I 


BIAGNETISM, 

Optrties  of  Magnets* — Tiie  name  magnet,  or  lodcstone,  was 
by  the  ancients  h)  certain  black,  hard  stones  found  in  various 
irf  the  world,  which  possessed  the  pjwer  of  attracting  to  them- 
of  steel  *tr  iron.  About  the  tenth  or  twelfth  century  these 
were  discovered  to  point  north  and  south  when  sus(>cndetl  by 
Natural  m^ignets  are  an  ore 
known  as  magnclite. 
f  a  pici c  nl  hardencid  slctl  be  rubbed 
'J^ith  ooe  of  thi.*^?e  natural  niitgnets,  It 
the  (iroperlies  of  the  magnet, 
&ad  retains  thi>^  prt>pertic5  f<jr  a  very 
long  liiiie«  If  1  piece  of  soft  iron  be 
trBBAed  m  the  same  wny,  it  becomes  a  U, 

BagDet  whtn  in  Loatact  with  tlie  mag-  <^^S 

net,   but   kxscs   its    magnetic   properties 
wkm     the    kUcT     h    removed.      The  ^*'^^^ 

jFrmlmr  ipmlitics  of  a  magnet  are  ea^iily 

ID  be  ftsanifesteil  chiefly  at  the  two  extremilles,  when  brought 
AB  ckctrifieil  body,  as  was  nt^led  in  llie  cajvc  of  tlie  conductor  A  B, 
ia  fif^rc  3j*  If  a  bar  magnet  be  diiipe<l  into  a  keg  of  small  nails  and . 
vtididmvrii,  a  large  number  of  them  will  adhere  to  the  two  ends  ofj 
tkr  bar.  The  two  cnfh  where  tlic  magnetic  force  is  strongest  are 
oBcd  its  pcije^  A  light  steel  magnet^  balanced  at  the  cenk-r  upon 
1  Qcedle-poiDt^  w>  as  to  allow  freetiom  of  movement,  is  called  a  mag- 
MSk  needlcu  (Scse  Fig*  ig.)  Such  a  net-dle  always  arranges  itself 
mmrif  dor  aorth  aiwl  ?ti>uth,  and  alwavj?  in  the  siime  |>osition.  The 
T*yBTfa^f^  Siiki  by  opiirians  is  mmjdy  suth  a  neetlle  mounterl  above  a 
Salt  marfced  with  ihe  **  | mints  i»f  tJie  romjias^/'  The  end  of  the  necflle 
«r  inqplct  that  pc*ints  to  the  north  is  called  the  north  polei  and  the 
iiCbcr  the  sc^ttth  pok.  If  a  magnet  1>e  bn>ken  at  any  point  between 
ihm  twu  poles,  each  of  the  pieces  becomes  a  magnet  with  two  poles; 
9.  ii  thcprforc  ttnpiiiMljIe  to  mnke  a  magnet  with  but  one  fiole.  In 
15  in  electricity,  like  poles  repel  and  unlike  poles  at- 
aootbcr.  The  forte  with  which  a  magnet  attracts  or  reywls 
mai^iict,  or  a  piece  of  irnn,  is  called  the  omgnetic  force.  The 
farce  acts  through  aU  kiuds  of  bodies  except  in»n  or  other 
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nu^nieiK  msrii*.  lul  \'ariet  iEverseiT  as  the  square  of  the  distance. 
It.'I.  ni.Kt*-.  ZiiiiLJi.  zsrium,  dmimium,  and  manganese  are  recognized 
ar  n-faipteu:  Tnfn;iK.  Palter.  iK)rcelam,  and  ox\'gen  gas  are  feebly 
EL^nieu-  Z\:.;cnt*:>ss:.  m*:}  r»t  induced  in  a  piece  of  iron  bj  the  near 
iJi-c-tfri.:!  v):  :.  t::..c:i£Ii:  iKiit.  If  ir;m  fiiingf  be  sprinkled  over  one 
eiii  .i:  ^i-  ird:r*^  rr.ir  iiLX.  Lud  one  oi  the  poles  of  a  pennanent  mag- 
ntv.  :k  iiT^uiin:  n-j*-r  int  oiiier  end  of  it,  the  filings  wiU  be  attracted 
i»;-  lilt  ir.tr.  uli. 

Tnt  :».»if  t):  int  bar  ncLjesi  the  magnet  mQ  be  found  on  examina- 
li.tr.  1.  Ik  .c  the  tipjKJsilt  kind  t;»  that  cjf  ^e  magnet;  in  this  re^)ect 
n;.jnii^i:  :nduni.»r.  resemliifit'  eiectrical  induct5<:»n.  The  magnet  is  not 
V  -^iien:*:.  :>}  iht  iniuniv»i;.  but  rather  strengthened  by  the  reaction  of 
iht  z\c\":}  made  Tnnrng:  iiiKin  ii>  jKilaritr,  Artificial  magnets  may 
\k  inuJt  irii;  LT.}  acsirec  ivirm,  but  the  tisoal  forms  are  the  straight 
iiLr  :.ni  tut  b.irsesb.x  f:irnL  The  laner  form  admits  of  the  application 
cc  L  ^c.iK'.'tinc  DLT  vC  s:tn  iron  from  one  pole  to  the  other,  known  as 
i^  armBTDTT,  WhtizL  l  marnet  is  not  in  use  the  armature  should 
LlvTLVjr  ':»e  L:»:»Lei.  i:  retain  the  full  pcwer  of  the  magnet.  Long, 
ihli..  >:t^  TTuigmt'ts  LTt  szTonscT  in  proportion  to  their  weight  than 
ihjzker  :oef :  CvCiseq  jer.iJy,  strong  magnets  are  frequently  made  of  a 
i:urr/:»er  :f  ii^ziz.  irin  in:.gne:>  bound  ic^^er  after  being  magnetized. 
ElectroTHB gnets- — Heretofore  we  have  spoken  of  but  one 
meih-c  of  in:.k:ric  a  Tnr.gnfO,  that  of  contact  with  another  magnet. 
L'  L  \^LI  c.f  ir.  n  l»r  thrjst  intc-  a  spiiral  or  coil  of  insulated  wire,  through 
which  a  mrrent  of  electricity  from  a  battery 
is  iiassing,  it  becomes  a  magnet  as  long  as  the 
rjrrent  passes  through  the  cx>iL  WTien  the  cur- 
rent is  stopped  the  inc^n  ceases  to  be  magnetic. 
Such  a  bar  of  iron,  surrounded  with  a  coil  of 
\*-ire  for  the  purpose  of  magnetizing  it,  is  called 
an  electromagnet  (Fig.  20).  Electromagnets 
may  be  made  much  stronger  than  those  pro- 
duced by  any  other  means.  If  a  bar  of  hardened 
steel  be  thus  magnetized,  it  remains  a  permanent 
magnet.  The  strength  of  an  electromagnet  is 
proportional  to  the  strength  of  the  current 
passing  through  the  coil,  and  to  the  number 
of  turns  of  wire  in  the  coil.  It  takes  time  to  produce  a  magnet  by 
this  means,  some  large  magnets  requiring  from  one  to  two  seconds  to 
reach  their  maximum  strength. 

The  magnets  of  large  dynamo  machines  frequently  take  as  long  as 
ten  minutes  to  rise  to  their  full  working  strength.  If  into  a  coil  of 
insulated  wire  connected  with  a  means  of  showing  minute  currents  of 
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ihctrid^  a  sled  liar  nutgnct  be  thrust,  there  is  a  momentary'  current 
soil  tlirciugli  tht  wire  by  the  inducing  action  of  the  magnet.  On  now 
uUesAy  witbdrnwing  the  magnet,  a  current  is  produced  In  the  opposite 
iliiCtiiHl  in  tbe  wire.  These  facts  v^iU  be  Deferred  to  again  when  we 
ceOK  to  f|>f^%  i>f  the  action  of  the  induction  coU. 

Ibeorjf  of  Magiietism4 — The  best  explanation  of  the  phenomena 

I  4  aigiietisni  is  afforded  by  supposing  that  each  molecule  of  the  bar 

fiiasi^ttfmle  magnet;  for,  if  the  magnetized  bar  be  broken  into  smail 

"b   piece  U  found  in  be  a  perfect  magnet*     If  this  process  of 

dU'isiiip  be  continued  far  en<High  we  will  ultimately  arrive 

I  It  ihe    molecule.     Each    molecule    vnU    then    have   two    polesi   one 

tlie    tiorth  and   the  other  seeking   the  south  end  of  the  bar; 
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w,  when  a    bar  of  iitin  or  steel  is  magnetiKed,  the  molecules  are 
lU  to  ttrmnged  th-al  the  same  poles  point  in  one  direction,  as  rep- 
lied in  fifurF  31*     By  this  theory  we  conclude  that,  when  a  piece 
ii^m  wr  steel  ts  neutral^  the  molecules  aminge  themselves  s<t  that 
other's  polarity,   forming  closed   magnetic  circuits 
thus; 

_  +  _  + 

©©©O 

III  molecules  of  chemical  ctomjKJunds  tlie  one  kind  of  atoms  is  inher- 
tnlly  clcrtri»|M>5itivc,  or  tiorth -seeking,  and  the  other  electronegative, 
•ir  suutfa-^ecktng*  Chemical  afhnity  is  probably  the  manifestation  of 
ilib  polar  energy  acting  between  tw^  kinds  of  differently  polarized 
■taai  or  groiipft  cif  aioim. 


ELECTRICITY. 

BlictricJty  PrcMiuced  by  Friction,— If  a  piece  of  glass  rod  or 

lur  be  nibbed  briskly  with  a  piece 

d  to  have  accjuired  pn>pertie.s  whirh 

!  did  npt  previously  possess— uamely,  ol  attntcting  to  itself  such  light 
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objects  as  bits  of  paper,  feather,  or  dust.  After  adhering  to  the  glass 
rod  for  a  few  seconds  these  objects  are  thrown  ofiF  again  with  a  per- 
ceptible force.  This  property  was  first  observed  in  amber,  or  elec- 
tron, as  the  Greeks  called  it,  as  early  as  600  B.  C.  Dr.  Gilbert,  of 
England,  about  1600,  showed  that  a  very  large  number  of  bodies  ex- 
hibit the  same  property,  which  bodies  he  called  electrics.  Since  his 
time  the  name  electricity  has  been  used  to  designate  the  agency  at 
work  to  produce  these  phenomena.  A  better  way  of  showing  these  phe- 
nomena is  by  means  of  a  ball  of  elder-pith  suspended  by  a  fine  silken 
thread.  If  the  e.xcited  gkiss  rod  be  presented  to  the  pith-ball,  the 
latter  is  attracted  and  then  thrown  off.  If,  now,  a  piece  of  sealing- 
wax  be  rubbed  and  presented  to  the  electrified  pith-ball,  the  latter  is 
strongly  attracted  to  it.  In  other  words,  a  pith-ball  that  has  been 
char^  by  the  glass  is  repelled  by  the  electrified  glass,  but  is  attracted 
by  the  electrified  sealing-wax;  or,  if  electrified  by  sealing-wax,  it  is 
repelled  by  it  and  attracted  by  the  glass.  We  thus  have  two  kinds 
of  electricity  developed  by  these  two  substances.  If 
two  pith-baUs  be  suspended  by  silk  threads  so  as  to 
touch  each  other,  and  they  are  both  electrified  or 
charged  by  the  same  piece  of  glass  or  sealing-wax, 
they  will  be  thrown  apart  and  held  in  this  position 
as  long  as  they  remain  charged.  (See  Fig.  22.) 
If  one  ball  be  charged  from  glass  rubbed  with  silk, 
and  the  other  be  charged  ^nth  sealing-wax  rubbed  Ftc.  aa. 

with  flannel,  they  will  then  attract  each  other. 

This  fact  is  usually  stated  in  the  following  law:  Bodies  similarly 
electrified  repel  and  bodies  oppositely  electrified  attract  one 
another. 

This  law  will  be  referred  to  again  as  an  aid  in  the  explanation  of 
many  other  phenomena. 

The  kind  of  electricity  produced  in  the  above  experiments  depends 
not  only  on  the  thing  rubbed,  but  also  on  the  rubber;  for  glass  yields 
the  one  kind  when  rubbed  ^ith  silk  and  the  opposite  kind  when  rubbed 
with  cat's  skin.  Resin  and  sealing-wax  rubbied  with  an  amalgam  of 
tin  spread  on  leather  }ield  the  same  electricity  as  glass  when  rubbed 
with  silk,  but  yield  the  opposite  kind  when  rubbed  with  flannel.  TJiat 
kind  produced  by  glass  and  silk  has  received  the  name  of  positive  (+) 
electricity;  the  electricity  produced  by  resins  rubbed  with  wool  has 
received  the  name  of  negative  ( — ).  These  positive  and  negative 
electricities,  when  brought  together  in  a  body,  neutralize  each  other, 
and  the  body  then  shows  no  electricity  at  all.  The  electrification  of 
either  kind  produced  by  friction  or  other  means  upon  the  surface  of 
a  body  is  called  a  charge. 
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Tlie  body  which  shows  the  electrical  phenomena  is  said  to  be 
A  charge  may  be  large  or  small,  [XJsilive  or  negative. 
Vkm  the  body  h  brought  again  to  the  natural  condition  it  is  said  to 
It  i]sdlA^C®d»  Good  conductors  of  electricity  are  discharged  by 
Iriof^ng  llicm  in  contact  with  the  groinid  or  touching  them  with  the 
kamd.  The  di^harge  is  usually  instantaneous,  and  in  accompanied 
bf  M  ut^tppmg  sound  and  a  flash  uf  light,  called  a  spark,  which,  when 
icrchred  «m  lh«  biml,  pr* winces  a  pricking  sensation. 

The  condition  of  electriiicution  is  ^merally  conceivcfj  to  he  a 
rlbturlianrc  brtiughl  ab<iut  in  the  molecules  of  a  btxly  or  of 
T  surrounding  them.  This^  condition  or  di^luri!ance  is  capable 
ng  imparted  to  neighboring  molecules  of  terlain  kinds,  but 
m^  reAiSily  to  all  molecules.  Bodies  whose  molecules  are  readily 
by  the  electrical  disturbance,  and  transmit  il  from  one  to 
art  Slid  lo  conduct  electricity ,  or  are  conductors;  these 
wAtmt  moteoales  do  not  readily  take  up  and  transmit  this  disturbance 
XPt  cdkd  iiasalators.  If,  for  ilhistratit  n,  the  balls  In  the  apjiaratus 
trprrfcnted  in  figure  to,  j»agc  24 »  are  made  of  sr^me  elastic  substance, 
ifae  iorce  uC  the  baU  A  U  transmitlu<l  to  B ;  hut  if  the  baits  arc  made 
of  k>mehr  wound  yam,  the  force  is  not  transmitted.  Whether  thei 
lofir  'MinJ  will  flt'pend  ujHjn  the  compo^iiliun  of  the  balls. 

So  1  the  fiuc^tion  uf  ci>ndui:tivily  depends  ujion  the  o.m- 

loa  €ji  tkv£  molei.ule%. 
The  metak  are  generally  gtMnl  condurlors  nf  elcruicity,  while  gases 
and  the  mm-metaU  arc  poi^rcr  conduitors.      Electricity  may  either  J 
iwie  ttpon  the  surface  of  IkkIics  as  a  charge,  or  il  may  be  tnins- 
nidcfl  thfvKifili  tJieir  molecules  as  a  current. 

Otb^:    "^       -es  of  Electricity-^Friclion  is  n(Jt  the  only  means 
of  gent'  tri*  il  'h-^t'irhances^     Other  agencies  are  penussion, 

lion,  crystallization,  physiulcgicrd  acti*in, 
lEi*  magnetism,  etc  Indecfb  it  is  now 
tiiai  %'ery  many  natural  prnci*s^es  are  accompimicd  by  elet  Irical 
dttMrbiiiice.  i>f  the  many  jKissible  ways  of  prx*ducin|^  eleclricily,  the 
|mic%nlooesempt»yat  to  afUanti^^c  arc  fric1i<m,  induction,  chemical 
uAm^  ami  mij^nclir  induction.  The  first  of  these,  ccmibinetl  with  in* 
ihictkiii,  h  utiUzcil  in  tlie  s/M-alktl  stitir  machine?*;  the  second  in  the 
opfiliBjn  ^:     and    the    third    in    the    dynamo-eleitric 

oaadlbK-  'mil  powerful  currents.    For  mcHlical  fiuqwscs 

ISk  fet  '  iinrs  arc  chiefly  used  at  the  |iresent  lime. 

EhciiLCiij     [j     if   -nctioo,— If   we   electrify   by   friction  a  ^lassl 
gMiecir  ftuilCv  C\  m'Hjntcd  upon  a  gbiis  supfKvrt,  and  then  bring  near 
ilt  a*  trprcsentrtl  in  fii^ure  15,  a  lar^e  sausaj^e  shaped  metallic  rem- 
"       ;  A  B,  alM»  rnounicd  upon  a  non  conducting  gbss  support,  we 
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;iri.r.'-r  the  itj  <-*>•.  rges  in  the  body  acted  upon  as  long  as  the 
:^--.r.2  zxK'i  rjizrlzr^ts  near  it.  The  quantity  of  the  two  charges 
.-  ^^ar^ticd  n-IL  dt^fcnd  upon  the  quantity  of  the  charge  upon  the 
r/i^'ir.g  ^^y,  and  its  nearness  to  the  conductor.  By  tibe  quantity 
4  a  fhiiTzt  of  electridty  we  mean  its  power  of  doing  electrical  woii 
in  ret'jrrjjng  to  a  state  oif  equilibrium.  This  is  more  generally  spoken 
of  av  jt.  potential. 

For  example,  a  highly  charged  body,  when  touched  with  the  finger, 
will  ^ivc  a  long,  brilliant  spark  or  will  strongly  attract  light  bodies^ 
while  one  (hargcd  with  a  low  potential  may  give  no  perceptible  spark 
an<l  attract  only  very  sn^ll  bodies.    A  positive  charge  is  frequently 
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high  potential,  while  the  negative  Is  referred  to  as  a 

itic  Electrical  Machiiies, — For  the  puqxjse  of  generating 
k^  quantities  of  frittional  electricity,  various  kinds  of  machines  have 
hm  donsecL  In  the  esirlier  machines  a  glass  cy hinder  was  used, 
BMlBied  ot)  a  horizontal  axi^,  and  provided  with  a  crank  with  which 
II  ieiiil<e  il.  Upon  this  cylinder  a  rubber^  made  of  leather  dusted 
itth  Im  or  zinc  amalgam,  was  pressed.  The  rubber  was  connected 
villi  tlie  cautht  while  a  brass  comb  or  a  row  of  points  connected 
mSk  t  OMKtucior,  similar  to  I  he  one  rejire>ented  in  %ure  24,  allowed 
llie  positive  electricity  to  escii(>e  from  the  glass  cylinder  to  the  con- 
aod   ihc  tiegaljvc  to  escape  from  the  conductor  to  the  glass 


dises  were  then  substituted  for  the  cjlinder.     In  the 

ine^*  known  as  the  Tocpler-JJoltz  machines  (see  Fig- 

'  nsetl  with.     The  1  barge  is  developed  entirely. 

/  rapidly  revolving  a  glass  |>latc  or  disc  near^ 

ring  two  armatures,  one  of  which  must  contain  a 

'<>  Ijegin  wnth.     For  a  detailed  desrripUon  of  this 

<1  mailiine  the  student  is  referred  to  works  on 

Mi  ranged  thai  either  a  constant  current  may  l>e  ob- 

,  g]%^ng  mojit  of  the  eifetts  of  the  galvanic  current,  or  inter- 

idiocks,  giving  the  rdects  of  the  interniptcfi  currents,  or  those 

dectiiciil  liatli.    i\s  the  i>utcntial  qf  static  electricity  is  much 
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greater  than  that  of  galvanic,  about  lo  be  considcre 
through  the  clothes,  and  thus  obviates  the  neccssit 
part  to  be  brought  under  its  influence — a  fact  gre 
many  patients. 

Electricity   Produced    by   Chemicat  Actioi 
of  water  containing  a   little  sulphuric  or  hydroc 
a  strip  of  zinc  and  one  uf  copper  or  pLitinum  be 
vented  from  coming  in  conUict,  no  action  i^  ht^n 
vided  the  acid  and  ;£inc  Ix*  pure.     If|  however,  \ 
strips  of  meUil  by  a  wire,  or  if  the  upper  ends  of  th 
in  contact,  chenrucal  action  immediately  takes  pla 
ing  phenomena  arc  obscrv^ed:    (i)  Small  bubbles 
collect  on  the  surface  of  the  platinum  strip,  while 
solves,  and  at  the  same  time  the  acid  begins  to 
case  of  hydnxidoric  acid,  the  chlorine  combines 
the  hydrogen  escapes  from  the  (jjiposite  plate.     (2} 
property  manifested   by   the  wire.     If  a  magnetic 
near  the  wire,  it  is  turntxl  from  its  course.     If  t 
and  the  tongue  l>c  placed  between  the  two  en<lst 
taste  is  obbierved.     If  the  plates  are  large^  and  Lh< 
are  placed  near  together  in  a  solution  of  cojiper  su 
copjjer  begins  to  deix>sit  on  one  of  the  wires.     In 
developed  in  the  wires  which  we  call  electricity. 
separated  from  each  other  i)y  air,  the  chemical  acl 
ceases  lo  escape  and  the  ^inc  to  tlissolve.    The  sa 
observed  when  we  substitute  for  tiie  above  met;iJs 
and  gas  retort  Citrlx>n,  etc.    It  is  only  necessary 
unequally  acted  upon  by  the  fluid  in  which  they 
the  greater  this  difference,  within  certain  limits,  t 
force  developed   in  the  wire.     In  order  that  these 
lake  place  the  following  conditions  ore  necessiiry: 

The   plates  and    connecting  wires  must    b 
electricity. 

The  liquid   must  contain  some  substance 
of  the  plates  can  form  a  chemical  compound. 

Tbeory  of  the  Galvanic  Cell, — In  onkr  lo  bring  lh€ 
clearly  btf^irc  the  n>ind»  let  us  assume  the  plotcs  in  fij^n 
and  line*  and  the  cxdting  fluid  to  \te  a  solution  of  hydroj 
is  very  positive  evidence  that  in  all  electrolytic  fluids  the  i 
is  split  into  tTVo  component  pam  or  ions.  One  c*f  i^ 
with  jiositive  and  the  other  with  negative  elcHnricily.  Thes 
but  of  opposite  kind,^.  Moreover,  the  charKt?  of  an  uni\ 
the  same,  A  bivalent  ion  has  a  rh:irge  just  twice  as  stron| 
The   charge    of   electricity    contained   in    a     univalent   io 
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ekctroil.  N«^li^T  clectioos  can  escape  from  and  exist  independently  of  the 
nqcaiWr  lo€is.  while  the  podlivc  cletlrons  can  nol.  In  the  case  of  hydrochloric  acid* 
irhra  ibc  sol\ili4jr>  b  dilute  ihc-  most  of  the  mobcitlcs  are  dis&ocialcd  into  free  chlorine 
Aod  fjrr  bydtroceti  ioo5,  We  may  conctrive  ihal  these  ioiis  ate  wandering  haphazard 
ikoj  Id  the  xauiion  ^ith  grfiii  rapidity,  colliding  with  one 
lawifan,  fiecombtni^  f^^  an  iiiAt4ini,  and  parting  lompany 
adMtacKt  CoUisiQa^  The  cMorine  and  hydrogen  atoms  are 
tkv  mpk&f  chma^ng  partners  thrpugh^ut  tho  solution, 
te  a  mr^  tium^T  of  them  alwa)^  un combined.  The 
WKmsmmatA  of  llie  loris  are  Itaphazard  unlc^  dirccicd  by 
4  forcr  like  ^cctlicity  or  light.  The  chlonnc  ions  are  each 
liurpd  with  m  T»<^tive  electron  and  the  hydrogen  ion^  arc 
f^ognl  «  I  ^.    If  in  such  a  tloid  we  put  it 

mn  of  .°  tor  of  electricity^  and  lnher« 

■i^releirtnipj-jiMr^,  -)L  vi.i  .iitr*ft  the  negatively  charged 
MaQSc  And  corn t line  lAith  s^.^mi*  of  them,  discharging 
r  oeB*^*^  t'  ^Wtrit  ii  V  .  in  rhr  doc  plate.     Some  hydrogen 
,  wS  '  1  and  charged  with  positive 

mum  Ijc'  placed  in  the  siame 
Will  occur  until   the   two  plat^  are 
itt  cxmi3»4i  Hlber  directly  ur  by  mean^  of  a  conduc- 
^ihen  9ti  '  ■  rtiun  h  made,  the  platinum  plate 

i  ity  (rom  the  £tnc  pl:ite   through 
f^  wWm     Tbr   (1  i-^    '  "  '  '^  ?if  the  two   plates   will  depend   ufion  the 
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MtifitT  erf  the  meg:: '  -iin^  w-ith  the  iinc  plate.    As  *oon  jls  mm^ 

itf  t^  pydnnyg  mioi:i  .  ^  -  _  ^  -^  ^  ....  -  -luctncity  from  the  platinum  piaic  ihey  com- 
bve  imn  iDokrul«r&  at  Ihc  pUtinuni  ptatei  and  hydrogen  g^  Is  ^en  to  accumulate 
gpnatlu^pUte. 

Tbr  now  attmcu  more  chlorine  atoms,  and  again  begins  forming 

iIk  diii;  :      ire  i»  lhii&  a  constant  current  of  electrical  force  being  conveyed 

bofli  Urn  ocu!  y\A\fi  to  the  iitli«r  as  long  as  they  are  connected  by  a  conductor.  A 
^mmmm  0Tam  of  chlorifie  ■loots  moves  towud  the  zinc  plate  and  of  hydrogen 
Unott  lowsnl  the  pklini;'-'  - '  *  There  is  a  constant  escape  of  hydrogen  from 
ihr  litrimim  nlstei  And  t  n  of  sine  ch bride  at  the  ^inc  phie. 

Bf  iJie  Apave  pfWf=^.    ..-  plate  b  actunlly  charged  above  the  normal  with 

':»«  «irctridty>     It  b  thi^  ditlerrnce  of    electriral    tension   which  causes  a 

"      '       lh7TMi;^h  the  wires  as  long  as  the  exciting  fluid  and  the  i\nc  plate 

«ras  101)7  -mioil  atlion  continues.     H  the  wires  are  disconnected  ihc 

MMi  plat  im*"*!  eh)iri^*<1  ti»  i%  tension  eijusil  to  that  of  the  hydrogen 

lit  AAQ  Ih  ,   rlcdrons  until  the  chlorine  .iloms»  will  no 

Ith  it.     The  action  then  ci-a^sesp  until  the 
—  ii  then  continuous  from  the  zinc  to 
ri  that  a  current  pasdes  through  the 
...-  ,un5. 


Ilh 
^  alir 

p^BiCi  aiul  it  mn  a] 
,  rmrrM  by  t^  hyiifDgen  and  , 


^^^^^  Current  or  Circuit-— The  circuit   is   said    to    bt^    closed 

^^^^^k  mrc^  are  connectetj  ond  there  is  n  constant  flow  or  tninsfcr 

^^HRP^throujth  ihc  wires  and  through  the  liquid.    It  is  said  to  be 

iptll  or  broken  when  tbc  wirc>^  arc  ^p;tr;itocl  u\  that  itie  transfer  of 

If  the  wires  ffom  a  guKunic  cell  or  a  oDllectioti  of  cells  be  coti- 
Mcfttf  with  the  earth  tnMcad  of  with  each  other,  the  current  flows  as 


4^ 
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if  the  latter  were  really  done;  and  it  makes  no  4 
apart  the  wires  ctmnect  wkh  the  earth,  This  is 
the  battery.  NtJ  current  actually  flows  from  one  ] 
in  the  ground,  but  by  bringing  the  plates  in  conta 
their  cleclrical  equilibrium  is  restored.  This  prim 
of  ill  telegraphy  to  avoid  the  ncce*isity  of  a  return  ' 
wires  of  a  battery  situated  at  one  of  the  stations  is 
the  other  passes  to  and  through  the  other  station  anc 
at  that  point;  the  current  must  pass  between  a 
stations  to  complete  the  circuit,  ot  restore  the  equilibi 
Electrical  Tansion  or  Electromotive  Fc 
speak  of  the  normal  electrical  condition  we  have 
electrical  state  of  the  earth  or  bfjdies  in  contact  w! 
is  the  great  storehouse  of  elect ricity,  as  the  ocean 
water  be  taken  up  from  the  ocean  and  deposited  Uj 
side  J  it  will  run  back  to  the  sea  in  a  stream,  and  a 
work,  while  reaching  its  former  lexel,  by  turning  a  ^ 
water,  in  other  words^  has  acquired  power  to  dt>  w 
of  position,  which  in  mechanics  is  called  potential* 
cell  the  equilibrium  of  electricity  is  disturbed,  and 
to  do  work  in  returning  to  its  former  slate  of  elect 
This  property  in  electricity  is  called  tension,  potei 
motive  force  (abbreviated  E.  M.  F.)*  The  strengt 
wiW,  of  course,  depend  upon  the  difference  in  the  e 
of  the  two  plates.  It  is  our  pun^ose  to  consider  ha 
tical  points  as  we  deem  essential  to  the  physician's 
use  of  galvanic  batteries- 
Electrical  Units > — There  are  in  common  use  a 
certain  units  of  measure,  applied  to  currents,  whicl 
for  the  student  to  understand.  The  unit  of  elec 
is  called  a  YOlt,  It  is  the  power  of  the  current  to 
ance,  and  the  volt  is  very  nearly  the  E.  M,  F.  of  tl 
kud  gravity  cell.  The  E,  M.  F.  or  the  voltage  of  tl 
1.079  ^'^'^^s  per  cell. 

The  unit  of  resistance  which  a  current  encounte 
and  which  must  be  overcome  before  an  electrical  dt 
pleted,  is  called  an  ohm. 

Just  as  llierf  must  be  sufEcic^nt  pressure  of  water  lo  ov« 
offered  by  friLtion  and  short  curves  in  Ibc  pipes,  before  wati 
so  musi  there  be  suilirient  voltage  to  overcome  the  high  rcsislj 
conductors,  like  the  humari  body,  before  there  will  be  a  paasa 
actual  current,  then,  that  produces  effects,  or  does  work,  is  pre 
of  electric  force  over  that  which  is  rcriuircd  to  overcome  the  r 


In  pcftctkc  il  is  fouoxi  neccssari-  lo  employ  a  batleiy  of  fmra  thirty  to 
cdkt  actsording  to  the  kind  used,  in  order  to  secure  electrDmotive  force  su^i- 
Ua  ovefCQtne  the  r<S3sLin4:e  of  Lhe  body  and  have  a  woridng  esc^s  of  current* 

An  ampere  is  the  ynit  of  measmemeDt  of  the  passing  current* 
An  ampere  is  the  strength  of  current  furnished  by  an  electromotive 
force  of  one  vi>ll  pa^ig  for  any  given  time  througli  a  circuit  whose 
lotal  re^stance  is  one  ohm.  It  is  the  amount  of  work  tlie  current 
b  able  to  do  in  a  meaisured  time. 

But  Lnasmucb  as  the  tissues  of  the  brdy  could  not  endure  a  current 
[of  one  ampere,  the  ampere  is  divided,  for  medical  purposes,  into  looo 
I  parts,  each  of  which  is  designated  a  milUampere*  The  strength  of 
lotfTefits,  then,  in  medical  batteries  is  usually  measured  in  milliam* 
[percs,  which  represent  not  the  actual  quantity  or  dose,  but  are  analogous. 
I  to  the  strength  of  a  solution  which  we  might  use  externally  and  refer 
I  to  as  a  five  j>er  cent,  solution.  As  we  speak  ef  a  pumping  engine 
^delivering  a  one-inch  or  a  two-inch  stream  fn^m  a  nozzle,  the  pres- 
sure lemaiDlng  the  same,  so  we  speak  of  the  current  passing  through 
a  conductor  as  a  one-milliampere  or  Iwo-milliampere  current. 

%*henc%er  it  becomes  necessarj'  to  measure  the  exact  quantity  or 
dose  administered  we  make  use  of  another  electrical  unit,  called  the 
coulombi  by  which  we  mean  tlie  tmit  of  quantity.  The  cou* 
lomb  is  such  a  quantity  of  electricity  as  would  flow  in  one  second 
thrnu^  a  circuit  whose  resbtance  is  one  ohm,  under  an  elcctrn- 
motive  foree  of  one  volt;  or,  it  is  one  ampere-second.  The 
number  of  coulombs  of  quantity  is  determined  by  means  of  an  instru- 
ment called  the  coulomb -meter,  in  which  the  current  is  made  to 
decompose  water  into  oxygen  and  h)tirogen;  the  amount  of  this 
decomposition  being  proportional  to  the  amount  of  current  used. 
There  is  still  another  unit  by  means  of  which  the  total  electrical 
energy  is  measured,  and  which  is  designated  the  watt.  A  watt  is 
the  energy  of  a  current  flowing  under  a  difference  of  potential  of  one 
volt  and  a  strength  of  one  ampere,  and  is  sometimes  callal  the  elec- 
tiical  horse-power.  It  is  expressible  in  mechanical  units;  746  watts 
being  equal  to  one  hon^e- power,  or  one  watt  —  ^hf  horse- power.  To 
^timate  the  elettriail  energy  of  any  current,  tlie  E.  M.  F.  in  volts 
b  multiplied  by  the  number  of  amperes  of  current  strength. 


VollA  X  Amperes       , 

746  *^ 


gdd  Units*~The  following  units  were  adopted  or  confinned  by 
Inlcm:itional  Electrical  Congress  at  Chicago  in  1S93,  and  legal- 
ised by  tlie  L'nited  States  Congress  in  1K94. 

Tlic  international  ohm  is  the  resistance  offered  by  a  column  of 
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mercury,  at  o°  C,  weighing  14.4521  gm.  and  having  a  length  of  106.3 
cm.,  and  having  a  uniform  cross-section  throughout  the  length  dl 
the  column. 

The  international  ampere  is  such  a  current  as  will  deposit 
from  a  neutral  solution  of  silver  nitrate  0.001118  gm.  cf  silver  per 
second,  or  4.025  gm.  per  hour.  The  amperage  of  a  current  may  be 
determinc\l  by  depositing  silver,  and  weighing  the  amount  deposited 
in  a  given  time. 

The  international  volt  is  the  electromotive  force  that,  steadily 
applicxl  to  a  conductor  whose  resistince  is  one  international  ohm,  will 
pHKluce  a  current  of  one  international  ampere.  It  is  represent^  by 
in*  ^^^  the  electromotive  force  of  a  standard  Clark's  cell,  at  a  tem- 
perature of  15°  C. 

The  international  coulomb  is  the  quantity  of  electricity  trans- 
ferred by  a  current  of  one  international  ampere  in  one  second.     ^ 

The  international  farad  is  the  unit  of  capacity.  It  is  the 
cajKicity  of  a  condenser  charged  to  a  jx)tential  of  one  volt  by  one  cou- 
lomb of  electricity. 

The  unit  of  work  is  the  joule,  which  is  equal  to  10,000,000  units 
of  work  in  the  centimeter-gram-second  system,  and  which  is  practi- 
cally eiiuivalcnt  to  the  cnerg}*  expended  in  one  second  by  an  interna- 
tional ampere  in  passing  thn>ugh  an  international  ohm. 

The  unit  of  power  is  the  watt,  which  is  equal  to  10,000,000 
units  of  |H>wer  in  the  centimeter-gram-second  system,  and  which  is 
practically  iniiiivalcnt  to  the  work  done  at  the  rate  of  one  joule  per 
sea)nd. 

The  unit  of  induction  is  the  henry,  which  is  the  induction  in  a 
circuit  when  the  clixtn^motive  force  induced  in  this  circuit  is  one 
international  volt,  while  the  inducing  current  varies  at  the  rate  of 
one  am{H^R"  |>er  secoml. 

The  Milliampere- meter. — This  is  an  apparatus  introduced  into 
the  circuit  in  onlcr  that  the  current  strength  the  patient  is  receiving 
at  anv  given  time  may  Iv  accurately  measured.  Its  action  depends 
uiHvi'the  fact -xlisancaxi  by  Oersted,  in  1841 — that  if  a  magnetic 
necille  be  mountoii  near  a  wire  in  which  a  current  is  passing  it  will 
l>e  dollovtcvl.  He  found  that  if  a  current  be  sent  along  a  conductor 
brought  near  to  and  jxirallel  with  a  neeiile  (see  Fig.  27),  it  will 
cause  a  dctlection  of  the  needle  in  the  direction  shown  by  the  curved 
amnvs.  He  found,  further,  that  the  amount  of  this  deflection  will 
de|>end  ujx^n  the  strength  of  the  current  in  the  wire,  and  upon  the 
proximity  of  this  to  the  needle.  If  the  a>nductor  be  returned  upon 
the  under  side  of  the  needle,  so  that  the  current  shall  flow  in  the  oppo- 
site direction,  the  needle  will  be  still  more  deflected,  and  in  the  same 
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tion*  By  using  a  numl^cr  of  turps  of  insulated  wire,— ^".  e.,  form- 
a  coll,  as  shown  in  figure  26»^a  multiplication  of  the  defleviing 
rcr  will  be  obtained.  The  plane  of  the  coil  must  coincide  mlh 
the  plane  of  the  earth  s  magnetic  meridian.  If  this  needle  be  sus- 
pended or  mounied  ov^t  a  dial  having  a  scale  of  degrees  marked  upon 
it,  the  number  of  degrees  through  which  the  needle  swings  under  the 
influence  of  a  certain  current  passing  through  the  coil  will  inJicale 
the  strength  of  the  current.  In  other  words,  such  an  instrument 
\ould  be  a  galvanometer  or  electrometer. 

Jf  the  scale  [>  so  divided  as  to  wad  the  current  strength  in  amperes 
or  milliamiJtres,  the  inslmment  would  be  known  as  an  ampere- 
meter or  roiltianipefe-meter. 


In  the  above-described  miUiampere-meter  the  instrument  must  be 
&rst  adjusted  with  the  needle  exactly  in  the  magnetic  meridian*  The 
instrument  must  tj€  carefully  leveled  before  the  reading  is  taken.  The 
needle  will  then  point  to  zero  on  the  scale. 

To  Avoid  this  adjustment,  milliampere-meters  are  now  often  oyn- 
struc-ted  with  the  needle  mounted  In  the  field  of  a  permanent  magnet^ 
which  senses  to  bring  the  magnet  always  to  zero  when  no  current  is 
passtJlg  thp:>ugh  the  coiLsi  regardless  of  the  position  of  the  instrument. 
Milliampere- meters  are  sometimes  employed  in  which  the  elastic  force 
of  a  coiled  spring  is  applied  to  bring  the  needle  quickly  to  rest*  or 
cause  it  to  "dead  beat,''  without  any  delay  from  oscillations.  The 
ftfcngth  of  current  to  be  apphed  to  the  human  body  varies  greatly, 
according  to  the  effect  to  be  produced,  tnun  lo  to  300  miUiamperes. 

Fonns  of  CeUs,"-We  have  thus  far  discussed  only  one  form  of 
S 
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cell.  The  term  battery,  strictly  speaking,  is  applied  to  a  coliectioo 
of  celU;  but  it  is  frequently  applied  to  a  certain  form  of  cell.  Various 
kinds  of  cells  are  in  common  use. 

One  difficulty  in  the  working  of  the  simple  cell  we  ha%'e  already 
described  is  that  the  hydrogen  accumulates  on  the  platinum  plate 
and  prevents  contact  whh  the  liquid,  and  thus  obstructs  the  current. 
This  is  known  as  polarization  of  the  plates.  To  obviate  this,  various 
means  have  been  used  to  prevent  this  gas  from  accumulating  on  the 
platinum.  ^ 

In  Groire's  cell  (Fig.  28)  the  platinum  plate  is  suspended  m  ^| 
porous  earthenware  cup  filled  with  strong  nitric  acid  and  placed  in 

the  center  of  a  larger  cup 
contain!  rig  dilute  sulphuric 
acid  (i  :  12),  The  nitric 
acid  oxidizes  the  hydrogen, 
converting  it  into  water. 

Bunsen's  cell  is  con- 
structed in  the  same  way  as 
the  above,  except  that  the 
platinum  is  replaced  by  the 
cheaper  gas  retort  carbon. 

In  the  working  of  the  above 
ceUs  the  nitrous  fumes  evolved 
are  very  objectionable.  To 
avoid  this,  a  solution  of  chro- 
mic add  in  sulphuric  add — 
made  by  adding  to  eighteen  parts  of  water  four  parts  of  potassium 
bichromate  and  four  of  sulphuric  acid^may  be  usecL  The  diromjc 
add  serves  to  destroy  the  hydrogen  in  the  same  way  as  the  nitric  add, 
and  no  ]X)rous  cup  is  nect led.  The  elements  used  are  zinc  and  carbon. 
This  cell  grves  a  strong  current  for  a  short  time,  and  Is  one  of  the  best 
in  use  for  medical  purptiscs.  The  ^nc  plates  are  always  removed 
from  the  liquid  when  the  battery  is  not  in  use.  In  some  medical  bat- 
teries a  solution  of  acid  sulphate  of  mercury  in  water  is  used  as  the 
exciting  fluid  instead  of  the  above.  In  this  case  the  plates  are  small, 
and  made  of  zinc  and  carbon.  The  ^inc  combines  w^ilh  the  sulj>huric 
ions,  and  mercurj^  instead  of  h\'drogen  is  set  free.  Another  form  of 
battery  is  one  in  w^hich  the  exciting  fluid  is  diluted  sulphuric  acid 
and  the  elements  zinc  and  silver.  The  latter  are  inclosed  in  a  layer 
of  chloride  o(  silver,  which  is  intended  to  prevent  the  hydrogen  from 
accumulating*  on   the   silver  plate   by   combining  it  with   chlorine. 


Fia.  aS. 
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aAgCl  +  H,  -  Ag,  +  aHCK 
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Uy  made  in  the  form  of  long,  narrow  cylinders, 

li  ?.pace,  and  are  ver>^  constant  and  elTeclive. 

Leclanch^  lell  (Fig.  29},  as  usually  constniciud,  the  etc- 

,1  pLite  of  L^irUm  and  a  rtxl  or  hollow  cylinder  of  zinc     The 

ile  is  surrowndnl  by  a  hyer  of  peMxide  of  nmnganese,  or 

•    to  serve  as  a  depi>larizing  agent.    The  exciting  iliiid  is 

ticjti   of  ammonium  chloride  in  water*    This  cell  h  In 

^ ere  an  open  circuit  h  used,  is  very  constant,  re- 

at  lon^  inlen'ais,  and  h  inexpensive.     V^arious 

cell  have  been  {in>|K>sed,  and  of  these  the  Law 

.1  <*fbcingm»istdural>le* 

ihc  Cailaud  cdi  (Fig.  30)  h  constructed  as  follows:    The  ele- 

:^iiLi  arc  zinc  and  co|j|»cr.    The  former  is  suspended  in  the  upper 


of  A  sDluiion  Hulphntc  contaiued  in  a  glass  jar.    The 

.  plair  lies  at  f  in  of  the  jiir,  and  the  wire  attache*]  to 

covm:d    %ilh    RUitA  perdiiii    for   the  purp<tse  of   insulating   it, 

time  tti  rime  cuppia^  bulphiite  crysUds  are  drt>p|icd  into  the  pr, 

gp  the  Mif*tdy- 

cell  U  pf''»*i  vl^t-n  used  on  a  closed  circuit  and  the  killeryj 
m  coosisint  o«**  f«»r  ttl* ^ni^ihii-  [>uri»o^s.     It  is  vcr>^  ronstiinl  when  | 
in  0ood  '       e!ectn>motivc  forte,  and  is  seldom 

iio  uie  ci  i  tiatteHes. 

Cue  of  BatT'  irder  that  a  kitlcr\'   may  perform   its 

will    fn^^-        -  -      -     in  its  management.     All  mcUdhc  D>n- 


Vdfcoii,  as  vrcil  as  U>e  nin^  thmugli  which  the  current  Is  to  |>ass, 
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iT'iLhC  'r*  re  ifxc  c*:*DCjr:iz^  nsicisL  Copper  or  silver  wire  is  usually 
fcr.iij-vfi  3.C  :•  'niL.t  rrv  ^nd  miiene  two  ^ires  are  meant  to  connect 
i:>e:r  >:-r:::ie-  n-— >:  :<  r-rlpr:  iud  fit*  from  oxides,  which  are  poor 
r:oij.^:c-w  .\-  :.-r  Li-  jk^iLik,  3i  nnif.  nn  strength  of  exciting  fluid 
sh '^i-  :«i  ir^_:iL-:rie::.  Ir.  il'i  ^l  Iciieries  this  ^ill  require  entire 
rt:jrw\Ll  rr.in:  rr.e  :  t.r>e,  :r.  i  r.:;^  i^-  >^y'j'ly  new  material  fcr  chemical 
L^^^'.c.  LTM  :    rf!m  \'t  ii^z  :  r  pO-ci.-  if  h  that  action. 

LocjQ  Currents. — ^  *v  iz,c  :•  ■  ihe  :mjx?rfcclicns  in  the  zinc  used  in 
ihf  c>n>rM'v^.'-  ^'f  rcntrie^.  ::  i>  unequally  acted  upon  by  the  liquid. 
Tbf  Tviir.t-  -uhtcTf  the  ziiK  i>  h:ircer.  or  ctintains  iron,  lead,  or  arsenic, 
-r:  Li-  DfpitivTf  T»L:e>  lo  ihe  rest  of  the  zinc,  and  thus  currents  are 
slI  '^p  litr»-«^  ihcTP.  ^iLch  Cat  -iway  the  zinc  and  cause  a  serious 
ktss  vf  zTiiiciiil,  L>  TKx^Il  as  of  loroe-  When  the  batter)'  is  not  in  use 
t'jy.yGes  cf  hA'ir.'peT.  ca>  will  be  seen  to  escape  from  the  zinc  plate, 
whir*:  sj^^wh-  d;s>:]ve>.  Waen  in  use,  this  h\Tlregen  prevents  contact 
IviTReer:  ihe  ;  Lie  Lr»w:  the  Equid,  thus  greatly  weakening  the  action 
nix-^n  ihe  rbic  ^ni  increasinx:  the  resistance  to  the  passage  of  the 


rjirer.:  fr-^r?.  the  liquid  to  the  metal,  ".\malgamaticn"  of  the  anc 
]  re\t"r.t>  ih:s  ;ici:v  n  1  y  fs^mting  over  the  surface  of  the  plate  a  homo- 
ct i.lvus  bxxT  oi  £tx  ^rrulsr-m. 


T.  A-:-..-.Iirarr,5ie  ihe  jdnr>.  ir^i  \i-a5h  ihcm  in  dilute  sulphuric  add  (i  :  6),  and 
ihir..  uhivc  >::!!  "«ci,  >^ut  r:*,crv'un-  i::^:»n  ihcm,  and  rub  in  the  drops  until  the  whole 
i.-rfji^"  15  -jnitV.rr.iJy  brigh:  Jiad  s."T;.>^:h-  i>r,  they  may  be  dipped  in  a  saturated 
f«.*>j:i  »r.  ■,  f  Vit  hiv^rii^c  of  mcrciiry  .\  rrv-sa^v  :iuhlimate)  containing  a  few  drops  of 
hyiirv-xhi/TJc  acid.  It  is  well  i  >  kit:'  -  lixijc  n:en.un-  in  the  bottom  of  each  cell, 
which  kef  :•>  the  plate  amalgamated.  A  hissing  sound, 
iv  the  e^\^l'j:ion  of  hydn.>gi-n  from  the  surface  of  the 
zinc,  is  a  sure  sign  that  the  zincs  need  rc-amalgamating. 

Polarity  of  the  Elements  of  Batteries.— 

A  serious  hindrance  to  the  working  of  batteries 
is  what  is  called  the  polarization  of  the  plates. 
We  have  already  referred,  when  speaking  of  the 
instruction  of  cells,  to  the  accumulation  of 
hydrogen  on  the  carbon  or  platinum  plate. 
When  the  current  is  of  considerable  strength, 
oxygen  accumukites  on  the  zinc  plate  and  hydro- 
gen on  the  opposite  one.  We  then  have  a  layer 
or  plate  of  hydrogen  against  the  carbon  and  a 
layer  or  plate  of  oxygen  against  the  zinc.  The 
former  of  these  is  }X)sitive  and  the  latter  nega- 
tive, and  they  are  connected  by  the  same  wires  as  the  primary  plates, 
as  will  be  seen  by  a  glance  at  figure  31.  Not  only  is  the  liquid  kept 
from  perfect  contact  wth  the  plates,  but,  owing  to  the  action  of  the 
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Bqitiil  upon  these  new  gaseous  plates,  a  cmrent  is  developed  in  the 
opposite  direction  to  that  of  the  primarj^  current^  and  which  may 
become  so  sUong  that  it  almost  entirely  overcomes  the  original  cTirrent 
and  destroys  the  efficiency  of  the  battery. 

Some  method  must  t>e  adopted,  therefore,  to  prevent  the  hydrogen 
from  accumulating  upon  the  carbon  or  pbtinum  plate.  Nitric  or 
chromic  adds,  oxides  of  manganese^  copper,  or  iron,  silver  chloride, 
and  ajpj>er  sulphate  are  all  used  for  this  purpose. 

Secondary  or  Storage  Batteries- — The    polarity    of    the   plates 

of  a  battery  cell  is  utilized  in  the  secondary  or  storage  batteries. 

The  cell  contains  two  or  more  plates  of    krge  size,  constructed  of 

sheet-lead;    or  one  is  made  of  sheet-lead,  to  be  connected  with  tlie 

negifttive  pole,  and  tlie  other  of  peroxide  of  lead^  to  be  charged  from 

the  positive  pole  of  the  charging  battery  or  current    The  E,  M.  F. 

^oi  such  cells  is  about  two  v*ilts  during  discharge.     The  cell  is  filled 

'  nth  dilute  sulphuric  acid.    The  plates  are  polarized  by  passing  a 

enl  tlirough  the  batter>%    The  hydrogen  accumulates  in  or  upon 

ne  plate  and  the  oxygen  in  the  other-    On  now  disconnecting  the 

^charging  batter)',  it  is  found  that  a  current  may  be  obtained  from 

the  polarized  cell  for  some  time,  but  in  the  direction  opposed  to  that 

uf  the  charging  current.     When  the  plates  of  this  batter)'^  are  once 

charged  they  will  remain  charged  for  some  weeks^  and  the  current 

may  be  obtained  at  any  time  by  connecting  the  mires  from  the  oppo^te 

^»blcs. 

^m  Resistance  of  Conductors,— Conductors  are  bcxlies  which  allow 
^■l  ready  transmis^on  of  ilie  electrical  impulse  through  them,  and  are 
^Kontrasted  with  another  class  of  bodies,  called  non-conductors  or  insu- 
fflators*   These  terms »  however,  are  only  relative. 

If  we  compare  wires  of  the  same  material,  but  of  different  sizes 

Kd  lengths,  we  find  that  the  resistance  of  wires  increases  with 
e  length  and  diminishes  as  the  area  of  the  cross-section 
Increases. 


c^  sue 
■pith  i 
^Bciirren 
■inie  p 


F 


,S*>rTic  h*kiit'3  oimiJuct  clfctricity  with  gr^eat  casr^  while  others  offer  more  re- 
fi&tdtiii'  tij.  the  pa^sigc  of  the  cunrnt  or  eirtirply  n^fitse  to  aJlow  an  apprvciable 
amnuttt  Uj  [*±^,  Lvrn  the  ln-st  conductors  offer  some  resistance  to  the  pa»^sage  of 
tiie  L\jrn:'rrt.     The  rn(  tiL^  are  the  best  conductors,  and  of  these  silver  is  the  best 

idu  f.  r  1  M.  ,'.K  n      t  "  r  b  second  only  to  silver,  and  when  both  metals  are  pure 


11  the  current  not  only  meets  with  re^tance  in  the  wires, 
*t\  ihe  «eU  thn:)ug^h  which  it  has  to  pass.     This  last  resiis^tajice 
i'*'r  ih^n  ih^t  uf  the  wtres^  «ind  is  an  ImpoTtaiit  element  in 
■  i  the  current* 


Otim^b    *>*i«,      lliis  htw   sUites   thi^it   the   strength   of  a   current 
dc\elf>j>cd  by  a  battery  is  equal  to  tlie  electromotive  force  divided 
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by  the  resislance.  By  electromotive  force  we  mean  the  foj 
which  the  electric  current  i^  set  in  motion^  or  the  difference  In  poten- 
tial uf  the  two  plates  of  the  cell  used.  This  law  may  be  statecj  alge- 
brdically  as  follows:  C  =  ^^,  where  R  represents  the  internal , 
resistance  of  the  liquid,  r  the  external  resistance,  or  that  offered 
the  wire,  atid  E  the  electromotive  force,  which  is  always  the  san 
when  the  same  metals  and  exciting  Uqidds  are  used.  In  any  give 
form  of  battery,  variations  in  the  strength  of  tlie  current  must' be  due  ' 
to  variations  in  resistance,  eitlier  in  the  external  or  the  internal  part 
of  the  circuit,  to  a  change  in  the  strength  of  the  exciting  liquid,  to 
p*^brity  of  the  pkles,  or  to  secondary  currents.  We  have  already 
spoken  of  the  resistance  offered  to  the  current  by  the  polarity  current, 
flowing  in  the  oppomte  direction,  and  whidh  sometimes  becomes  J 
almost  as  great  as  the  electromotive  force  can  overcome.  It  is  clear  fl 
that  in  order  to  increase  the  value  of  C,  in  the  above  formula,  wc 
must  increase  E  or  diminish  R  and  r.  To  increase  the  electromotive 
force  wc  select  such  metals  and  liquids  as  will  give  us  a  relatively 
high  intensity  of  current.  We  may  increase  the  intensity  of  the  E, 
M.  F,  by  joining  several  cells,  so  that  the  force  of  the  one  may  be 
reinforced  by  the  next,  and  so  on.  This  Ls  done  by  connecting  the 
zinc  of  the  first  to  the  carbon  of  the  second,  the  zinc  of  the  second 
to  the  carbon  of  the  third,  etc.  Each  cell  added  to  the  series  Skdds  to 
the  current  its  E,  M,  F.,  diminished  by  its  internal  resistance,  the 
external  resistance  being  too  small  to  be  regarded.  The  formula 
applied  to  the  series  would  be,  when  n  equals  the  number  of  cells: 
C  =  °  ,  ,  Now,  when  the  e.xtemal  resistance  in  the  wire,  r,  is  very 
small  in  comparison  with  R,  as  when  flowing  through  an  ordinary 
copper  wire,  it  may  be  disregarded,  and  the  equation  then  becomes 
C  =  -^^  That  isj  the  effect  of  a  battery  of  several  elements,  in  such 
a  case,  is  no  greater  than  that  of  a  single  celh  If,  however,  the  ex- 
ternal resistance,  r,  is  great,  as  when  the  electrodes  are  applied  to  a 
human  body,  which  has  a  resistance  many  times  greater  than  the 
usual  value  of  R,  the  value  of  C  increases  or  diminishes  very  nearly 
in  the  same  ratio  as  the  number  of  cells.  For  medical  purposes,^ 
therefore,  wc  usually  combine  the  cells  as  above  described.  Elements  ^ 
or  cells  so  arranged  are  said  to  be  arranged  in  series,  or  arranged 
for  intensity. 

We  may  also  increase  the  value  of  C,  in  the  above  formula^  by 
increiising  the  size  of  the  plates,  provided  the  external  resistance  is 
small.  By  so  doing  we  do  not  increase  the  electromotive  force  of 
the  current  in  the  wire,  but  we  reduce  the  resistance  in  the  cell,  by 
virtually  combining  several  plates  into  one,  and  increasing  the  surface 
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exposed  to  the  liquid^  without  incn^sing  the  distance  through  which 
the  current  has  to  pass  in  the  liquid.  Whether  the  plates  in  this  case 
are  aU  in  one  or  different  cups,  the  current  only  has  to  traverse  the 
fluid  from  one  plate  to  another.  The  internal  resistance  in  this 
arrangement  is  small.  WTiere  a  small  resistance  is  to  be  o^^ercome, 
theidbre,  large  plates  are  to  be  prefeired;  or,  which  is  the  same 
thing,  all  the  zinc  plates  of  the  battery  may  be  connected^  and  all  the 
carbon  pktes.  When  the  cells  are  arranged  in  this  manner  they  arc 
said  to  be  arranged  in  multiple  arc,  or  for  quantity.  The  pales 
or  electrodes  nf  a  battery  of  cells  are  the  conducting  wires;  that 
attached  to  the  zinc  plate  is  the  cathode  or  negative  electrode,  and 
that  attached  to  tlie  platinum,  carbon,  or  copper  plate  is  the  anode 
or  positive  electrode. 


In  electrotherapy  the  term  electrode  is  often  used  to  designate] 
the  appliance  fastened  to  the  end  of  the  %ires  for  application  to  the 
patient,  while  the  wires  are  called  rheophores- 

Indticed  Currents.— If  a  current  of  electricity  be  passed  through 
one  of  two  parallel  wires,  B  A  and  C  D  (Fig,  32),  lying  near  together, 
no  current  is  observed  in  C  D  as  long  as  the  current  in  B  A  is 
constant;  but  if  this  be  abmplly  stopped,  an  instantaneous  current 
is  develof^ed  in  C  D,  which  we  can  demonstrate  by  connecting  this 
wire  with  a  galvanometer,  G.  WTien  we  make  the  current  pass 
from  B  to  A,  the  current  in  the  wire  C  D  takes  the  direction  from 
C  to  D;  but  on  breaking  the  primary  current,  the  induced  current 
takes  the  direction  D  to  C.     If,  therefore,  we  rapidly  make  and  break 

pnniiiry  or  battery  current  by  means  of  the  key,  K,  we  shall  have 
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a  rapid  to-and-fro  current  in  the  secondary  wire,  C  D,  Now,  if  these 
wires  be  ctnere*!  with  silk,  or  insulated,  and  are  wound  Irgelher  around 
a  spool  or  bobbin^  the  conditions  of  the  experiment  will  remain  un- 
changed, and  we  shali  have  the  same  phenomena  in  the  ctjiled  wires 
as  in  the  straight.  Such  a  coil  is  known  as  an  induction  or  Ruhmkorff 
cruL  The  strength  of  the  current  in  the  secondar>'  wire,  or  tlie  in- 
duced current,  will  vary  directly  as  the  length  of  the  wire  acted  upon, 
the  strength  of  the  battery  or  primary  current,  and  inversely  as  the 
distance  the  wires  are  from  each  other.  | 

The  Induction  Coil,— It  is  customary,  in  constructing  an 
induction  coil,  to  make  the  primary  coil  of  large,  thick  wire,  so  as  to 
allow  the  battery  current  to  pass  with  as  little  resistance  as  possible, 
and  to  make  the  secondary  coil  of  a  much  longer  and  thinner  wire. 
The  former  is  made  into  a  smaller  coil,  which  slips  into  the  latter, , 


Fic.  33. 

but  the  two  are  separate  and  distinct.  Into  the  inner  coil  is  pushed; 
a  bundle  of  soft  iron  wires,  which  act  as  magnets  when  the  battery 
current  is  sent  through  the  coiL  A  small  armature,  or  piece  of  soft 
iron  fastened  to  a  springs  vilsrates  Ijefore  the  end  of  the  bundle  of 
wires.  When  no  current  is  passing  tlie  spring  rests  against  the  point 
of  the  screw,  Sc,  figure  33*  When  a  current  is  sent  through  the  inner 
coil  from  B  to  A,  an  induced  current  h  pnxJuced  in  the  outer  coil, 
from  S  to  S'  or  from  C  to  D.  At  the  same  instant  the  current  B  A 
magnetizes  the  core  of  wires  O  O,  and  the  hammer  H  is  drawn  toward 
it  and  away  from  the  point  of  the  screw.  This  breaks  the  current 
at  that  point,  the  core  demagnetizes,  the  spring  brings  the  hammer 
back  to  the  screw,  and  the  process  is  repeated  as  long  as  the  current 
from  the  battery  E  lasts.    The  induced  current  in  S  S'  is,  thereforCp 
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fn>  current,  or  a  make  Induced  in  one  diiection,  and  n 
|hd:uced  in  the  opposite  direction. 
TKs  current  b  known  as  the  secondary,  mduced,  interrupted, 
or  Faimdic  current.  The  two  wires  from  the  liatten*  cell  (Fig.  34) 
are  connected  with  the  primary*  coil  by  the  binding  post^^,  and  carry 
liic  battefj-  current.  The  other  wires  shown  are  die  terminal  wires 
of  the  outer  or  secondary'  coil,  and  carr}'  the  induced  current. 

Extra  Current.— It  is  very  evident  that  each  turn  of  wire  in  the 
prinsarj'  coil  lies  very  close  to  and  parallel  with  the  adjoining  turns 
'  the  mmt  wire,  and  that  these  consecutive  turns  may  be  considered 
asQStityCing  a  series  of  parallel  wires.  In  fact,  tvtry  variation  of 
current  in  the  mre  A  B»  figure  35,  gonerales  electromotive  force 
in  the  contiguous  turns.  An  induced  current  is  thus  produced  in  the 
wire  A  B,  which  obeys  the  same  laws  as  that  induced  in  the  inde- 


fta.  34- 


fit  wire  C  D,  and  in  the  direction  opposed  to  the  battery 
irrent  when  the  latter  is  made  or  increased,  and  in  the  same  direc* 
3n  when  it  h  broken.  This  current  is  known  as  the  primary 
i induced  ur  extra  current.  During  the  making  or  increasing  of 
llhe  batten*  current  this  extra  current,  acting  against  the  battery 
ml,  retmis  or  resbts  it,  and  hence  is  not  felt  at  the  poles  P  and 
P*.  At  the  break  ihis  current  goes  in  the  opposite  direction,  and, 
as  there  is  nmhing  to  resist  it,  may  be  felt  with  its  full  force  at  P  and 
P*,  This  current  15  therefore  interrupted,  and  is  felt  only  at  the 
break  of  the  battery  current,  and  uhvay:?  in  the  direclion  of  this  cur- 
tcnL  The  prima r>'  in<luced  or  exlm  current  is  feebler  than  the  sec- 
ondaryt  because  the  len^lh  of  wire  acted  u[>4:»n  k  shorter.  As  we 
have  just  said,  the  make  extra  current  retards  the  battery  current, 
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cell.    The  term  battery,  strictly  speaking,  is  applied  to  a  collection 
of  cells;   but  it  is  frequently  applied  to  a  certain  form  of  cell.     Variou^n 
kinds  of  cells  are  in  common  use.  ^^ 

One  difl&culty  in  the  working  of  the  simple  cell  we  have  already 
described  is  that  the  hydrogen  accumulates  on  the  platinum  plate 
and  prevents  contact  with  the  liquid,  and  thus  obstructs  the  current. 
This  is  known  as  polarization  of  the  plates.  To  obviate  this,  various 
means  have  been  used  to  prevent  this  gas  from  accumulating  on  the 
platinum. 

In  Grove's  cell  (Ftg.  38)  the  platinum  plate  is  suspended  in  a 
porous  earthcnwiire  cup  filled  with  strong  nitric  acid  and  placed  ii^H 

the    center  of    a    larger    cup^ 
containing     dilute     sulphuric     ' 
acid     (i  :  12).        The     nitric 
acid    oxidizes    the    hydrogen, 
converting  it  into  water. 

Bunsen's     cell     is     con- 
structed  in   the  same  way  as 
the    above,    except    that    the 
platinum   is   replaced   by   tli0:J 
cheaper  gas  retort  carbon,        ^ 

In  the  working  of  the  above 
cells  the  nitjous  fumes  evolved 
are    very    objectionable.      To 
^°*  *®*  avoid  this,  a  solution  of  chro- 

mic add  in  sulphuric  add— 
made  by  adding  to  eighteen  parts  of  water  four  parts  of  potassium 
bichromate  and  four  of  sulphuric  add — may  be  used.  The  chromic 
add  senses  to  destroy  the  hydrogen  in  tlie  same  way  as  the  nitric  add, 
and  no  porous  cup  is  ncetied.  The  elements  used  are  zinc  and  carbon* 
This  cell  gives  a  strong  current  for  a  short  time,  and  is  one  of  the  best 
in  use  for  medical  purposes.  The  zinc  plates  are  always  removed' 
from  the  liquid  when  the  battery  is  not  in  use.  In  some  medical  bat- 
teries a  solution  of  acid  sulphate  of  mercury  in  water  is  used  as  the 
exciting  fluid  instead  of  the  above.  In  this  case  the  plates  are  smalls 
and  made  of  zinc  and  carbon.  The  zinc  combines  with  the  sulphuric 
ions,  and  mercury  instead  of  hydrogen  is  set  free.  Another  form  of 
battery  is  one  in  which  the  exciting  fluid  is  diluted  sulphuric  acid 
and  the  elements  zinc  and  silver.  The  latter  are  inclosed  in  a  layer 
of  chloride  of  silver^  which  is  intended  to  prevent  the  h\'drogen  from 
accumulating .  on    the  silver   plate  by   combining  it  with    chlorine. 

aAgCl  +  Ha  -  Aga  +  3HCL 
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These  cells  are  usually  made  in  the  form  of  long,  narrow  cylinders, 
90  IS  to  occupy  a  small  space,  and  are  very  constant  and  effective. 

In  the  Leclancii^  cell  (Fig.  29)^  as  usually  constructed,  the  ele- 
ments are  a  plate  of  carbon  and  a  rod  or  hoUovv  cylinder  of  zinc.  The 
carbon  plate  is  surrounded  by  a  layer  of  peroxide  of  manganese,  ar 
feme  Q3dde,  to  serve  a.s  a  depolarizing  agent,  I'he  exciting  fluid  is 
a  stiDi^  solution  of  ammonium  chloride  in  water.  This  cell  is  in 
iiery  common  use  where  an  open  circuit  is  used^  is  very  constant,  re- 
quires attention  only  at  long  intervals,  and  is  inexpensive.  Various 
mc^fications  of  this  cell  have  been  proposed,  and  of  these  the  Law 
cell  has  the  advantage  of  being  most  durable. 

The  Callaud  cell  (Fig,  30)  is  constructed  as  follows:  The  ele- 
ments are  zint  and  copper.     The  former  is  suspended  in  the  upper 


tion  of  a  solution  of  copjier  sulphate  containctJ  in  a  glass  jar*  The 
plate  lies  at  the  ixittom  of  the  jar,  and  the  v^-ire  altacJied  to 
"li  is  covered  witii  gutta-percha,  for  the  pur]>t>se  of  insulating  it. 
From  lime  to  time  copper  sulphate  crystals  are  dropped  into  the  jar, 
to  keep  up  the  supply. 

This  cell  is  gfHLid  when  used  on  a  dosed  circuit  and  the  battery 
is  in  constant  use  for  ickgraphic  purposes.  It  is  very  coastant  when 
kept  m  good  order,  but  has  a  low  electn>molive  force,  and  is  seldom 
used  In  the  construction  of  medical  batteries. 

Care  of  Batteries,— In  order  that  a  buttery  may  perform  its 
work  it  will  need  some  care  in  its  management*  All  metallic  cf>n- 
nectio&Sp  as  weU  as  the  wires  through  which  the  current  is  to  pass, 
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by  the  resistance.  By  electromotive  force  we  mean  the  force  wit 
which  Ihc  electric  current  is  set  in  motion,  or  the  difference  in  poten 
tiai  of  the  two  pbtes  of  the  cell  used*  This  Jaw  may  be  stated  alge- " 
braically  as  follows:  C  ==  ^-771  where  R  represents  the  internal 
resistance  of  the  liquid,  r  the  external  resistance,  or  that  offered  by 
the  wire,  and  E  the  eiectrf>motive  force,  which  is  alwav^s  the  same 
when  tlie  same  metals  and  exciting  liquids  are  used.  In  any  given 
form  of  battery,  variations  in  the  strength  of  the  current  mus^t  be  clue 
to  variations  in  resistiince,  either  in  the  external  or  the  internal  part 
of  the  circuit,  to  a  change  in  the  strength  of  the  exciting  liquid,  to 
polarity  of  tlie  plates,  or  to  secondary^  currents.  We  have  already 
spoken  of  ilic  resistance  tjffered  to  the  current  by  the  polarity  current, 
flowing  in  the  opfwsite  direction^  and  whith  sometimes  becomes 
almost  as  great  as  the  electromotive  force  can  overcome.  -It  is  clear 
that  in  order  to  increase  the  value  of  C,  in  the  above  formula,  we 
must  increase  E  or  diminish  R  and  r.  To  increase  the  electromotive 
force  we  select  such  metals  and  liquids  as  will  give  us  a  relatively 
high  intensity  of  current.  We  may  increase  the  intensity  of  the  E, 
M,  F.  by  joining  several  cellSj  so  that  the  force  of  the  one  may  be 
reinforced  by  the  next,  and  so  on.  This  is  done  by  connecting  the 
zinc  of  the  first  to  the  carbon  of  the  second,  the  ztnc  of  the  second 
to  the  carb<jn  of  the  third,  etc.  Elach  cell  added  to  the  scries  adds  to 
the  current  its  E.  M*  F.,  diminished  by  its  internal  resistance,  the 
external  resistance  being  too  small  to  be  regarded.  The  formula 
applied  to  the  series  would  be,  when  n  equals  the  number  of  cells: 
C  =  ^°^^.  NoWj  when  the  external  resistance  in  the  wire,  r,  is  veiyJ 
small  in  comparison  with  R,  as  when  flowing  through  an  ordinary  ' 
copper  wire,  it  may  be  disregarded,  and  the  equation  then  become 
C  =  -~.  That  is,  the  effect  of  a  battery  of  several  elements,  in  such 
a  case,  is  no  greater  than  that  of  a  single  cell.  If,  however,  the  ex- 
ternal resistance,  r,  is  great,  as  when  the  electrodes  are  applied  to  a 
human  body,  which  has  a  resistance  many  times  greater  than  the 
usual  value  of  R,  the  value  of  C  increases  or  dimmishes  very  nearly 
in  the  same  ratio  as  the  number  of  cells.  For  medical  purpose^J 
therefore,  we  usually  combine  the  cells  as  above  descril^ed.  Elements^ 
or  cells  so  arranged  are  said  to  be  arranged  in  series,  or  arranged 
for  intensity. 

We  may  also  increase  the  value  of  C,  in  the  above  formula,  by 
increasing  the  size  of  the  plates,  pnjvided  the  external  resistance  is 
small.  By  so  doing  we  do  not  increase  the  electromotive  force  of 
the  current  in  the  wire,  but  we  reduce  tlie  resistance  in  the  cell,  by 
virtually  combining  several  plates  into  one,  and  increasing  the  surface 
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to  the  Liquid,  withoul  increasmg  the  distance  through  which 
the  current  has  to  pass  m  the  liquid-  Whether  the  plates  in  this  case 
are  all  in  one  or  diCterent  cups,  the  current  only  has  to  traverse  the 
fluid  Irom  one  plate  to  another.  The  internal  resistance  in  this 
amngcment  is  smalL  Wliene  a  small  resistance  is  to  be  overcomCt 
therefore,  large  plates  are  to  be  preferred;  or,  which  is  the  same 
thing,  all  the  zinc  plates  of  the  battery  may  be  connected,  and  all  the 
carbon  platen.  When  the  cells  are  arranged  in  this  manner  they  are 
said  to  be  arranged  in  multiple  arc^  or  for  quantity.  The  poles 
or  electrodes  of  a  battery  of  celb  are  the  conducting  wires;  that 
attached  to  the  zinc  plate  is  the  cathode  or  oegative  electrode,  and 
that  attached  to  the  platinum,  carb<jn,  or  copper  plate  is  the  anode 
or  positive  electrode. 


Pro.  i». 

In  electrotherapy  the  term  electrode  is  often  used  to  designate 
the  appliance  fastened  to  the  end  of  the  wires  for  application  to  the 
patient,  while  the  w^ires  are  called  rheophores. 

Induced  Currents. — If  a  current  of  electricity  be  passed  through 
one  of  twopaniUel  wires,  B  A  and  C  D  (Fig.  32),  lying  near  together, 
no  current  is  obsened  in  C  D  as  long  as  the  current  in  B  A  is 
constant;  but  if  this  be  abruptly  stopped,  an  instantaneous  current] 
is  developed  In  C  D»  which  we  can  demonstrate  by  connecting  this] 
wire  with  a  galvanometer,  G,  When  we  make  the  current  pass 
from  B  to  A,  the  current  in  the  wire  C  D  takes  the  direction  from 
C  to  D;  but  on  breaking  the  primary  current,  the  induced  current 
t^km  the  direction  D  to  C.  If,  therefore,  we  tapidly  make  and  break 
the  primary  or  battery  current  by  means  of  the  key,  K,  we  shall  have 
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a  rapid  to-and-fro  current  in  the  secondary  wire,  C  D.  Now,  if  these 
wires  be  cohered  with  silk,  or  insulated,  and  are  wound  tr  gether  around 
a  spool  or  bobbin,  the  conditions  of  the  experiment  will  remain  un* 
changed,  and  we  shall  have  the  same  phenomena  in  the  coiled  wires 
as  in  the  straight.  Such  a  coil  is  known  as  an  induction  or  Ruhmkorff 
coiL  The  strength  of  the  curreiU  in  the  secondary  wire,  or  the  in- 
duced current,  will  vary  directly  as  the  length  of  the  wire  acted  upon, 
the  strength  of  the  battery  or  primar>'  current,  and  inversely  as  the 
distance  the  wires  are  frt^m  each  other.  | 

The  Induction  ColL^It  is  customary,  in  cf^nstructing  an 
induction  coil^  to  make  the  primary  coii  of  brge,  thick  wire,  so  as  to 
allow  the  battery  current  to  pass  with  as  little  resistance  as  possible, 
and  to  make  the  secondary  coil  of  a  much  longer  and  thinner  wire. 
The  former  is  made  into  a  smaller  coil,  w^hich  slips  into  the  latter, 


but  the  two  are  separate  and  distinct.  Into  the  inner  coil  is  pushed 3 
a  bundle  of  soft  iron  wires^  which  act  as  magnets  w*hen  the  battery 
current  is  sent  through  the  coil.  A  small  armature,  or  piece  of  soft 
iron  fastened  to  a  springy  vibrates  before  the  end  of  the  bundle  of 
wires.  When  no  current  is  passing  the  spring  rests  against  the  point 
of  the  screw,  Sc,  figure  $^.  When  a  current  is  sent  through  the  inner 
coil  fnim  B  to  A,  an  induced  current  is  producetl  in  the  outer  coil|^_ 
from  S  to  S'  or  from  C  to  D,  At  the  same  instant  the  current  B  AS 
magnetizes  the  core  of  wires  O  O,  and  the  hammer  H  is  drawn  toward 
it  and  away  from  the  point  of  the  screw.  This  breaks  the  current 
at  that  ptiint,  the  core  demagnetizes,  the  spring  brings  the  hammer 
back  to  the  screw,  and  the  |>rocess  is  repeated  as  long  as  the  current 
from  the  battery  E  lasts.    The  induced  current  in  S  S'  is,  therefore, 


a  to-fliid*fro  caiTcnt»  or  a  make  Induced  in  one  ducct^,  and  a 
brsak  induced  in  the  oppc^ite  cUnectioii. 

Thb  current  is  known  as  the  secondary,  induced,  intemipted^, 
Off  Famdic  current.     The  nio  wires  from  the  batten-  cell  (Fig_  34)' 
are  connected  with  the  primary  cuil  by  the  binding  po^ls,  and  catty 
the  battery-  currant     The  othex  wires  sho^-n  are  the  terminal  wms, 
of  the  outer  or  secondary .  coil,  and  cany^  the  induced  current. 

Extra  CufTent. — It  is  ver)^  evident  that  each  turn  of  wire  in  the] 
primary  coil  lies  ver)*  close  to  and  X'^i^i^l  with  the  adjoining  turns  J 
€l  tJie  sajne  wire,  and  tlial  these  conseaitive  turns  twiy  be  c^onsidered 
aa  cnastttuting  a  series  of  |mr^llel  wires.  In  f:ict,  every  variation  of 
die  current  in  the  wire  A  B,  figure  ^^,  gqjientes  electramotive  force 
in  the  ctintiguous  turns.  An  induced  current  is  thus  produced  in  the 
wire  A  B^  which  ob^^  the  same  laws  as  that  induced  in  the  inde- 


pendent  wire   CD,   and   in   the   direction   opposed   to   the  battery 
I  current  mhen  the  lattex  is  mide  or  incre:ised,  and  in  the  same  direc- 
tion  when   it   h  broken.      This   current   is   known  as  the  primary 
ioduced   ^r   extra   current.     During;   the  making  or  incn^^ing  of 
the   batter)-  turrirnt   this  extra  current^  acting  against  the  battery 
►  rurrent*  retanls  or  resists  it,  and  hence  is  not  felt  at  the  poles  P  and 
jP'.     At  the  break  this  current  goes  in  the  opfiosite  direction,  and, 
las  there  is  ni>tliing  to  Resist  it,  may  be  felt  with  its  full  force  at  P  and 
]P'.    This  current  is  therefore  interrupted,  atid  is  felt  only  at  the 
[break  of  the  Ijatterj-  current,  and  ahvay?:;  in  the  direction  of  this  oir- 
The  prim3r>^  induced  or  extra  current  is  feebler  than  the  sec- 
ajy,  because  the  length  of  wire  acted   upon   b  shorter.    As  we 
ive  just  said^  the  make  extra  current  relitrds  the  battery  current, 
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BO  that  it  takes  an  appreciable  time  for  tMs  ciurent  to  attain  its  maxi- 
mum force;  and  the  make  induced  current  is  weakened  in  proportion 
to  the  longer  time  required.  The  secondar>'  current  developed  at 
the  time  of  making  the  battery  current  is  therefore  weakj  and  its  physi- 
ological and  chemical  effects  are  almost  inappreciable.  The  break— 
secondar>'  as  well  as  primary — b  developed  with  its  full  electromotive 
force  instantaneously;  hence,  it  alone  has  an  appreciable  effect  when 
a  resistance  such  as  the  human  body  is  put  into  the  circuit. 

Influence  of  the  Core. — As  we  have  stated  above,  when  a  gal- 
vanic current  is  sent  through  a  coil  of  wire  wound  about  a  bar  of  soft 
iron,  the  bar  becomes  a  magnet  as  long  as  the  current  pass^^  and 
loses  its  magnetism  as  soon  as  the  current  in  the  wire  is  broken.  The 
effect  of  the  bundle  of  soft  iron  wires  is  the  same  as  that  of  a  single 
bar,  Moreover,  Tp\hen  a  magnet  is  suddenly  made  or  destroyed,  it 
causes  a  aiixent  to  flow  through  the  wire  wound  about  it.  The  effect 
of  the  magnetic  core  is,  then,  only  to  retard  the  battery  current  when 
it  is  first  passed  through  the  coil,  and  to  still  further  weaken  the  induced 
currents  developed  by  it.  Its  sudden  demagnetization  reinforces  the 
break  currents  and  makes  them  stronger.  The  currents  are  further 
modified  by  means  of  a  draw  tube  made  to  inclose  more  or  less  of 
the  primary  coil.  When  this  is  completely  withdrawn  the  current  is 
strongest,  and  when  the  inner  coil  is  completely  inclosed  by  it  the 
currents  are  considerably  weakened.  Occasionally  the  secondary  coil 
is  made  to  include  any  desired  length  of  tl^  primary',  and  thus  the 
current  may  be  varied  at  will.  Figure  34  shows  an  induction  coil 
with  Grcnet  cell  ready  for  use. 

Electricity  from  Magnetism,— Besides  chemical  action,  other 
methods  of  producing  electricity  may  be  employed.  We  have  above  re- 
ferred to  the  effect  of  suddenly  making  and  destroying  a  magnet  within 
a  coil  of  wire.  The  same  effect  is  produced  when  the  magnet  is  made 
to  approach  or  recede  from  the  coil  of  wire  or  when  the  magnet  is  in- 
creased  and  decreased  in  strength.  The  simplest  magneto-electric 
apparatus  is  composed  of  a  strong  horseshoe  magnetj  before  the  poles 
of  which  two  short,  soft  iron  bars,  called  armatures,  mounted  on  a 
shaft  and  wound  with  coils  of  wire,  are  made  to  revolve  by  a  crank. 
As  the  soft  iron  approaches  the  poles  it  becomes  a  magnet,  and  in- 
duces a  current  in  the  wire.  As  it  recedes  from  the  poles  the  current 
in  the  wire  is  reversed,  but  by  a  pole  changer  it  is  made  to  pass  fn:*m 
the  instrument  in  the  same  direction.*    By  multiplying  the  number 


1 


*  In  another  form  of  the  machine  the  coil  of  wire  ia  on  the  magnet,  and  the  ciit^ 
Tent  13  produced  by  the  vajiations  in  th«  magnet  itself,  CE*u&ed  by  the  varying  distance 
of  the  armatures. 
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ind  armature,  by  using  the  current  developed  to  strengthen 
and  by  reiixjlving  the  armatures  at  a  high  mte  of  speed, 
I  ray  l&xge  ajnount  of  electricity  may  be  produced.  Electricity 
kr  lig^t  and  pow^f  is  dow  generally  supplied  by  machines  made 
ipsa  thk  principle  and  driven  by  steam  or  water-power.  Such  ma- 
are  cailled  d\'Damo -electric  machines*  Small  machines  are 
employed  for  mefiical  purposes.  In  these  machines  the 
«lKtndly  is  the  n^ult  of  the  conversion  of  mechanical  force  into 
AvtrkJil  force,  the  two  being  mutually  convertible. 

Electricity  from  Heat:  Thermo-electrical  Currents, — If  two 

d& 
bus  of  dis^niilar  metals  be  soldered  together  at  one  end,  thus:   Vt  ^nd 

Ihs  jmictiQO  c  be  heated  while  the  ends  a  and  b  are  cool,  electricity  will 
ptM  between  a  and  b  when  connected  by  a  wire.  The  direction  of  the 
coneal  WiB  depend  upon  the  metals  composing  the  coujfle.  If  the  metals 
htfaiifllttlh  and  silver,  the  tiirrent  will  be  fr*im  the  former  to  the  latter; 
i  Gcrtstafl  silver  and  iron,  the  current  will  be  fmm  the  furmer  to  the 
latter.  By  armnging  a  large  numl>er  of  such  pairs  thus»  —WW  WW  j.,  so 
ttit  allemate  junctions  can  be  healed,  a  current  of  considerable  strength 
SMrj  be  produced.  Such  a  series  is  called  a  thtrmo-dtctrk  pik^  and 
oty  be  constructed  by  arranging  the  bars  in  the  ft»rm  of  rays  around 
i  holkiw  center,  in  which  a  lamp  or  fire  can  be  kept  burning,  and 
thus  faini^  a  comtant  oiirent  of  electricity. 

Btoetrolyiis  and  Electrical  DissociatioD,— The  molecules  of 
ijr  simple  chemical  substances^  on  bcin^  diasi^Ived  in  water,  are 
or  less  completely  *^piit  up  or  dissociated  into  two  or  mure  (gen- 
cnJlv  fwcA  Ti.irtH  rillctl  ions.  Thj^,  bchavinr  of  substance??,  on  going 
mtf  >n  ;u>  electrolytic  dissociation  or  ionization. 

Tbe  ^.,^..,,,. .-  .s.mJi  diss*iri,ite  in  this  manner  are  all  conductors  of 
tkciridty,  aad  are  called  electrolytes.  Indeed,  those  substances 
vfckli  do  mil  dissociate  are  non  n^ndurtors. 

When  a  ciirrait  of   dectrlcity  passes    through    an    electrolyte  or 
ill  jcdution,  the  blicr   uriJt*rgi>es  certain  changes,  %vhich  we  group 
the  term  electrolysis.    The  electrodes  are  the  conductors  by 
the  c-urrml  enicrn  or  leaves  tlie  elcdrulyte.     l>  ndcr  the  iniluence  of 
(dert!^'  »T  I  irrrnl  the  ions  of  the  electmlyte  migrate  in  two  direc- 
]  rit  whirh  migrate  toward  an*!  concentrate  about  the 

(or  ^^»-uj»e  dectftwle)  arc  calknl  anions^  Those  which  migmte 
1  ami  accumiilalc  about  the  cath«Hle  (or  negative  elei  trndc)  are 
cathtons.     r.      '  oionixnt  ion  under  the  action  of 

okim-rinlct  light,  R"i  s  niys  or  heat* 

platfrttim  i^T  (fiti  ft-tfjrt  rati  win  rlritrfMl^-*  lir  dif»fM'fI  Into  n,  idtutlClll  crf 
add,  h/tii\»g^a  gas  ocftp<rs  at  the  ncgatlvi;  pole,  «nd  chlanii^  %%  the 
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:  mdd  be  oied  iiistadof  h>'drochlQrk,  tlie 
_       _         SO«  iote  ftbotti  the  |pc»itive  ejectii^ 
'  'Iht  SO4  »■»,  BQI  beia^  aUc  to  aambine  vHi  tbe  pbte,  decompose  llie  wniti, 
ramWat  «ilb  ilv  IijmIii^m^  and  xc  free  ox3rfeiu    While  the  acidity  about  the  po«i- 
^vc  nsle  «&  MraqgEr  Aui  throui^iuvt  tbe  liquid,  only  oxy^ii  Is  &et*fi»  here. 

If  a  mAiskm  of  iniiiiii  cMoeide  or  soditim  stilpihate  be  iised  as  the  rlrcirolvif , 
I  Uk  dsffeai  be  ooifie  strong,  Ka  ioas  concentjate  abtmi  ibe  —  eiectiode  an^  CI 
^Qt  SO4  iov  about  die  -h  vJEctrode.     The  Na  aiom»  take  the  hydroivl  from  ibe 
r  and  xt  ^ce  aa  ecfomkAl  nmiba  of  H  atoms.    The  SO«  ions  take  bydrogcn 
mm  laicr  aad  set  free  an  eqinvaleiit  atimbeT  of  O  atoms.     ll>e  chlonne  Ions  act 
la  «  fiMaitf  aaano^  «paa  water,  akiiough  imperlectJy,  and  xi  hee  a  mijcturc  '^f 
In  aU  cases  the  amoniit  of  liydrogea  set  &«e  ts  directlj 
propor^ioafll  to  llw  ammiii  of  cofxent  Mssed  through  tJae  liquM. 

if  a  sdkakm  of  asaJt  of  a  metal,  wkicb  ckies  not  decompc*^  n  atcr  ooder  Uie  coor 
.  difkifisof  ibe  rxpmsnesztt  be  used  a$  tbe  efcctpolyte,  aod  the  torrcjit  be  not  loo  stmng. 
I  Ibe  Wtel  afifi^ra  at  the  —  dectzodc,  aiid  dc^nsited  upoo  it  in  a  tepadous  tayei, 
i  of  taki^i  a  inlisk.  The  wc^it  of  metd  deposited  in  a  given  ^me  b  1 
i  of  tbo  <p|iitTiy  of  cunetit  pastang  tbiou^  the  soltition. 
Tht  saltii  of  socoe  cf  flie  metals— tbe  cartl^  and  tW  alkalies — require  a  very 
,  while  mmt  of  tbe  otber  mecals  do  not  require  more  ih^n  the  curnciit 
of  oae  or  two  oiduiary  LKlandif  cops.  The  process  of  depodting  metak  upon  the 
I  susrface  of  other  metals  has  come  into  e^ttensive  ta$e  in  the  arts  of  e]ectfoplatii^  and 
clectioQr|ttQf.  Tbe  pdndpal  tne^ls  used  to  deposit  upon  others  in  this  way  att 
goldt  sOwTg  copp^,  and  nkkeL  The  objects  to  be  attained  are  to  protect  easiLj 
osidiabie  metak  from  rust,  to  preserve  a  britlianE  surface,  and  to  coat  cheafier 
mtM^  wilk  the  toon  wahiable  oos.    This  process  is  koown  as  electroplating. 


Electro metailiiTgy  or  Electroplating. — Silver  and  copper  are 
more  easily  dejurisked  than  most  other  mt*tals.  The  strength  of  cur- 
rent need^  to  deposit  these  rnetak  is  mther  feeble,  unless  the  sur- 
face to  be  coated  is  large,  Tbe  quantity  of  electric  it)'  should  he 
varied  according  to  the  surface  to  be  coated,  larger  surfaces  requiring 
a  stnmger  current  than  smaller  ones.  The  strength  of  the  solution 
of  the  metal  to  be  deposited  must  be  governed  some^^hat  by  the 
material  composing  the  article  to  be  plated  and  the  strength  of  the 
current,  and  will  hate  to  be  determined  experimentally  by  the  be- 
ginner.  When  the  prtiper  strengths  of  solution^  current^  etc.,  have 
been  found,  these  should  be  kept  as  nearly  constant  as  possible.  The 
plating  solution  may  be  kept  of  constant  strength  by  suspending  from 
the  positive  pole  of  the  battery  a  plate  of  the  same  metal  as  that  con- 
tained in  the  solution,  the  size  of  which  should  be  nearly  equal  to  thatfl 
of  the  article  to  l>e  platetL  ^ 

Chemical  and  Physiological  Effects  of  Electricity  on  the 
Human  Body.— WTien  a  galvanic  current  is  pa^ed  through  an 
animal  tissue*  the  following  changes  take  place:  The  water  in  the 
tissue  is  decomposed,  the  hydrogen  appears  at  the  negative  pok%  along 
with  the  hydroxides  of  potassium  and  srKlium,  while  the  ojn^gen,  with 
the  non-metals  or  acid  radicab,  appears  at  the  positive-    The  nascent 
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and  acids  surrounding  die  fKi^Jtivc  pole  attack  the  neighlxjrjng 
and  convert  them  into  a  hard  cschar,  while  the  alkalies  at  the 
olli^  pole  exercise  their  caui^tic  proptTlies  ajid  form  a  soft^  frothy 
oiass,  confciining  hydrogen  gas  la  smiilt  bubbles. 

WTien  a  sufficiently  strong  and  K»mewhat  prolonged  current  is 
appUml  to  the  skin,  a  similar  effect  to  die  ab<:ive  is  produced  at  the 
point  of  contact  of  the  electrodes.  At  the  positive  electrode  the 
skin  first  becomes  red,  v%idi  a  burning  sensadon;  then  an  eschar  is 
produoed,  with  an  acid  reaction  of  the  tissues.  The  eschar  resembles 
that  pnxlaced  by  a  strt^mg  acid.  At  the  negative  electnxie  there  is  a 
vieside  formed  containing  an  alkaline  liquid;  if  the  action  be  pro- 
loaged,  more  extensive  ulcemtioa  takes  pbce*  From  this  it  will  be 
seen  ihit  strong  onrenls  should  be  used  with  care,  unless  it  be  desired 
to  pr4xlace  destructi  >n  of  tissue,  as  in  the  removal  of  tumors,  super- 
fluous hiirs,  etc.  When  destruction  t^f  tissue  in  a  deep-seated  organ 
has  been  produced  by  cJectricily.  the  eschar  is  absorbed  without 
iuppurati^iif  provided  the  destruction  is  not  too  extensive.  By  the 
of  a  suitable  current  regidatnr,  the  current  used  fur  incandescent 
^gbis  may  be  empl'>yed  for  malical  puqxjses,  instead  of  iliat  from  a 
g^¥acik  battery.  The  effects  of  die  magneto-electrical  current  are  veiy  i 
simile f  to,  if  not  identical  with,  those  <^f  the  galvanic  current* 

Static  electricity  seems  to  be  a  powerful  nerve  stimulant,  it  probably 
;efting  no  otHi-T  effect. 
Cataphoresis  is  the  name  given  to  the  process  of  carrying  ions  into 
Ilhc  ti>-^ues  by  an  electric  current.  WTien  a  solution  of  an  electrolyte 
is  placeii  l>elvveen  the  electrodes  and  the  skin,  and  a  galvanic  current  is 
there  is  a  riouble  current  of  ions  lietft'een  the  two  electrodes,  the 
piie^tive  ions  pass^ing  toward  the  positive  electrode  and  the  i)ositive 
ions  icni'ard  the  negadve  electrode.  The  ions  of  the  metab  and  alkaloids 
Cin  be  carried  into  the  tissues  under  the  positive  electrode  and  the  non* 
metallic  and  acid  ions  under  the  negative  electrode.  Local  anaesthesia 
can  thus  be  produced  witli  a  cocaine  solution.  The  depth  to  which  the 
are  carried  will  depend  upon  the  strength  of  the  current  and  the 
lime  it  continues.  The  solutit>n  of  the  electrolyte  is  applied  on  several 
layeis  of  linl  upon  which  the  metallic  electrode  Ls  placed;  the  current 
to  be  very  gradually  increased  by  means  of  a  rheostat  to  from  !o  to 
jo  mlJlf amperes  and  allowed  to  continue  from  thirty  to  sixty  minutes. 
^  ,c  nt  electrtxle  is  placed  upon  some  other  part  of  llie  body  with 

>  of  hot  soaked  in  NaCl  solution  between  it  and  the  skin. 
Saticytic  and  other  organic  acids  can  be  carried  in  by  this  method, 
Stryduime  and  other  alkaloids  can  also  be  carried  in  from  the  positive 
dcctrode* 


Fir  .-nnre  errenderi  remarss  ip*m  ±is  part  of  dxc  sobject  the 
Oiwient  i.-.  referreri  to    jne    ir  niure    :i  ±ti  miiny  Tn;inn,ils  upon  the 
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Sofation, — Toe  pr.wer  .f  -rarer  oj  iiisi.Lve  substances  b  one  of 
the  nu>.t  nimiiiar  .t  iti  pirxeries.  All  liuuids  possess  the  same  power 
to  a  greater  or  Lejis  extent;  but  'icuitis  varj  greativ  in  their  solvent 
pr>'ver,  -vhich  Ls  u.sually  limited  jo  a  certain  class  of  bodies.  Thus, 
merciry  -xili  dissi.lve  a  aumijer  •:!  Tie  metals,  alcohn?!  is  tfic  proper 
.y^vent  for  the  renins,  ether  fr.r  the  tits  and  srme  gums,  and  water 
fcr  the  ^.rdinarv  metallic  salts.  Water  is  by  tir  the  most  universal 
soirexit,  and  for  this  reason  it  is  conmuDnly  used  as  the  medium  of 
chemicil  r.ham5es.  The  substance  dissolved  in  a  solvent  is  sometimes 
called  the  solute. 

The  sviivent  pr^wer  of  water  varies  grea-dy  with  dififerent  solids. 
V^Tiile  flTjme  Ix-dies  absorb  wata-  fern  the  air  and  become  liquefied, 
or  deliquesce,  others  require  several  hun<ired  times  their  wei^t  of 
water  to  di^sr>lve  them,  and  some  will  dissolve  only  in  ver>'  minute 
quantity,  A^  a  general  rule,  the  solvent  p<">wer  of  water  for  solids 
increases  with  the  temperature;  but  there  are  a  few  exceptions  to 
thU  rule. 

hy  the  5/.luhnity  of  a  substance  is  meant  the  amount  of  the  sub- 
fttanr«  whir  h  will  Ije  taken  up  by  a  definite  volume  of  the  solvent 
The  .viability  of  a  substance  is  absolutely  definite  at  a  given  tempera- 
ture, and  the  amount  which  loo  parts  of  water  will  take  up  has  been 
dctcrmincrl  for  nearly  every  known  substance.     (See  Appendix;) 

A  knf)wMfr,e  of  the  .v»Iubility  of  ordinary  solids  is  very  important  to  the  phy- 
Mf  ian  aa  well  as  ia  the  jiharmacLst  or  chemist.  The  law  of  compatibles  is  largely 
the  law  of  vilubilities.  A  table  will  \)e  found  in  the  Apj)endlx  giving  the  approxi- 
matr  fwiluliility  of  thr;«c  sufjstances  most  commonly  met  with,  and  to  which  the 
Mtidrnt  f.hr>iilrl  n-fcr  for  information  concerning  the  solubility  of  substances.  A 
•Aturated  solution  i»  one  formed  when  a  liquid  has  dissr)Ived  all  of  a  solid  that 
it  <an  take  up  at  that  tcminrrature;  but  saturation  of  a  liquid  with  one  solid  does 
not  i»n'Vcn!  it  from  dissolving  others,  and  in  some  cases  the  solvent  power  of  the 
Iir|uirl  is  tlicrrby  inc  reased.  When  two  or  more  salts  are  dissolved  in  a  liquid 
an  rx(liani^<'  of  ions  mav  take  place,  according  to  the  laws  of  BerthoUet  (p.  93), 
nuHlifu'cl  by  th<*  strength  of  the  affinities  of  the  radicles  present  and  the  relative 
(|uiintily  of  ea«  h  present.  Hot  water  dissolves  more  of  most  substances  than 
(old.  When  a  hot  saturated  solution  cools,  a  part  of  the  solute  is  deposited  usually 
In  II  ( rysl.illinr  form.  In  some  cases  the  excess  of  the  substance  is  not  deposited 
<»fi  <ooIin^.  The  solution  can  thus  contain  more  dissolved  substance  than  can 
\k  (lis'iolved  at  that  temi)craturc,  and  the  solution  is  said  to  be  a  supersaturated 
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sotutioai.    A  gmiii*iiioleciiJar  solutiati  Is  ooe  containing  the  molerukr  weieht' 
of  the  ^oiote,  e»|iti:s6ed  in  gmios^  di^£sol%ed  in  a  lit^r  of  Uic  solvcoi, 

Liquiik  amy  »ko  dksohx  Eqtuds  mad  ga^es.  When  two  liquids  arc  soluble 
in  one  ABotlier,  ihey  are  siaid  10  be  tniadble.  Liquids  c^n  be  miscible  in  aJt  pro* 
imniuitti  (water  and  akohoi)  or  they  may  \m:  only  partly  soluble  in  each  other 
{wmMKT  mid  cthcrj*     In  most  c^ses  the  soitihtbty  of  liquids  increases  with  the  lem-^ 

For  i^tsooa  noC  nec^saiy  to  stale  here,  itis  beljeved  Chat  adjjs,  bas^  aadtalt^  I 
mhtm  dissolved  in  water  are  split  up  inki  i*>ns.     The  disaociatian  is  more  or  less  j 
rooiiitefe  acccirdiog  to  the  nature  of  the  solule  (substancie  dissolved),  the  tempera- ' 
tare  <if  itm  solulloil,  and  its  conLentraLion.     Such  a^idi  as  hydpQchk»rit  afid  nitric; 
ibe  bydiwodcs  of  potassium,  sodiuni,  and  cakium;   and  the  salts  of  the  alkaiine 
jly  completely  dissodateti  in  one- tenth  normal  so)utk>tis.     Carboiijc 
:  3U3ds  and  naerc^c  chloride  are  ^arcely  at  all  dlsfiodated. 


Solutioo  of  Gases, ^Most  liquids  dissolve  gases  as  well  as 
solids.  The  quantity  of  gas  which  one  c.c  of  any  liquid  will  dLssoIve, 
whm  the  pressure  of  the  gas  upon  it  Is  760  mm.,  is  called  its  coeffi- 
deDt  of  absorptioo.  As  in  solids,  this  coefficient  must  be  determined 
by  expenment  for  each  gas;  thb  genenilly  decreases  as  the  tempera- 
luie  increases,  although  each  gas  obeys  a  rule  of  its  own,  which  can 
be  determined  only  by  experiment  The  volume  of  gas  abs<irbed 
by  a  liquid  at  any  given  temperature  is  the  same,  whatever  the  pres- 
suite.  The  qtiantity  of  gas  dissolved,  therefore^  increases  and  de- 
creases m*ith  the  pressure.  \\Tien  a  liquid  is  exposed  to  a  mixture  of 
tl  dissolves  each  in  the  same  propi>rtian  as  if  it  alone  were  pres- 

«]id  e^certing  its  own  share  iif  the  totil  pressure.     Thus,  when  the 

mixture  of  oxj-gen  and  nitrogen  in  the  proportion  of  i  to  4, 

lively — is  exposed  to  a  mass  of  water,  we  find  that  the  gases 

Mt  stexrbed  by  the  water  in  the  proportion  of  1  to  1.87,  respectively. 

f  Solution* — The  term  solution,  as  ci>mmoiilv  used,  embraces  two 
I  processes;  the  one  mechanical  or  physical,  and  the  other  chemi- 
u  f M  V  -,*. ill  solution  the  identity  of  the  5*>ljd  k  pn'servt^d,  as  woU  as  that  r>f  the 
and  by  evaporation  of  the  water  we  may  obtain  it  again  unch.^nj^t'^L  In 
maOK  aiscs  there  seems  lo  be  no  manifestarion  of  chemical  action  between  the  water 
Aiaj  the  iolid.  la  otti^  ca^es,  which  seem  at  first  sight  to  be  et[ually  simple,  there  is 
heal  dwciopcd  or  heat  absorbed^  which,  with  the  fact  that  certain  solutions  have 
a  constant  bmling  point  when  a  definite  amount  of  solid  or  gas  is  present^  leads  us  to 
fttippoae  that  iti  tibese  cases  there  is  a  true  but  feeble  chemical  union  of  the  salt  with 
the  «ol?rnl-  ^lien  the  solid  separates  again  in  crystals,  it  lakes  a  part  or  all  of  the 
water  with  it  as  water  of  crystaHiiatiom  In  dilute  solutiotis  of  certain  substances 
railed  electrolytes,  i,  e.,  those  substances  which  conduct  electricity  and  are  capa- 
ble of  being  separated  by  this  current  into  their  component  parts  or  ions,  these 
ions  eaist  separately  in  the  solution.  That  is,  when  the  metallic  ^alts,  the  inorganic 
aijds^  iw  bases  are  dissolved  in  water  they  dis-soci^te,  and  ejdst  in  that  condition. 
Att30gMx>§  to  ^ik  idea,  in  k  weak  solution  of  common  salt  we  have  fTce  sotlium  and 
6vi  clilcmtie  aioms^  and  but  few  NaCl  molecules.  Wlien  the  solution  is  concen- 
tllEled  byevaparatioii,  a  recombination  of  the  ions  takes  place  and  the  salt  molecultrs 
m^  tdmwtd*     For  the  e^rperimetital  data  upon  which  this  notion  rests  the  student 
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h  referred  ui  one  of  ihc  larger  handbooks  on  cheimstry.  A  saturated  salution  is 
regarded  us  ji  de^niu;  compound  of  thi;  ]l(|ulcl  and  the  bub&iaiice  dissolved.  Tbi: 
mctttllic  alloyaare  in  sfimc  cases  mere  mixtures,  and  in  otheis  they  serm  to  be  verita- 
lik*  rMinfifiuiids.  When  a  raetaJ  dij&sulves  in  a  dilute  at  id  thtre  h,  at  tiisUa  chcmit-al 
aLtif>n  Ijclwwii  I  he  jtcid  and  meul,  by  which  a  soluble  cum  pound  is  fonued. 
This  then  (ti&si^lve*  in  the  water  prejient>  as  above  described^  This  double  pro-^— 
iesa  h  snmeumcs  termed  chemical  solution «  ^| 

Diffusloa   of   Liquids*— When    one   liquid  mhes  spc-olaneously     " 
wiiir  anuther  Ihc  process  Is  called  liquid  difiusion. 

If  upnn  the  lK)lt(*in  of  a  vessel  t  containing  pure  water  wc  pour  some  water 
colcircd  witli  a  liiile  aniline  red,  by  delivering  tl  ihrciugh  a  funnel  tube  so  as  to  pre- 
vent Ihc  nu'ngh'ng  t»f  the  two,  and  then  allow  the  vessel  to  remain  at  rest  for  SSlDe 
hours^  the  color  wiU  be  fuund  to  have  diffused  itself  throughout  the  water* 

If  tmtead  of  a  colored  water  we  use  a  strong  solution  of 
common  salt,  having  a  high  specific  gravity,  w^e  shall  find  by 
appropriate  tests  that  the  salt  has  passed  throughout  the 
entire  iiquid.  The  mte  of  diffusion  in  these  cases  Intreascs, 
for  all  substances,  with  the  temperature*  This  is  because 
the  rapidity  of  rnotion  of  the  molecules  or  ions  increases  with 
the  temperature. 

If,  m  the  experiment  just  mentioDed,  we  should 
inteq:tfise  a  pcrous  partition  of  earthenware  or 
parchment  between  the  salt  solution  and  the  pure 
water,  the  result  would  be  the  same — the  salt 
would  pass  through  the  |>artition  into  the  water. 
This  process  is  called  dialysis.  If,  however,  w^H 
use  on  one  dde  of  the  partition  a  colloidaL  sub-^* 
stance  like  gelatin  or  albumin^  we  shall  find  thai 
ver>'  little  of  lliese  pass  through  it  into  the  ^^*atcr* 
Cr)stallizjib!e  bodies  pass  through  the  membranes 
with  ease,  while  those  which  do  not  crj'stallize— 
called  cclloids — pass  with  great  difficulty.  This 
property  of  bodies  is  made  use  of  to  separate  the 
one  class  from  the  other.  The  process  of  the  diffu- 
sion of  liquids  through  porous  membranes  is  called 
osmosis.  Certain  porous  walls  ha%*e  the  power  of 
^illtnving  wati?r  molecules  to  pass  ihiough  them,  while 
other  molecules  are  not  allowed  to  pass.  Thus,  if 
a  porous  earthenware  cup,  such  as  that  used  in  the 
Btmsen  or  Grove  cell  (^iee  Fig.  28),  be  soaked  in  a 
><  dution  of  copper  sulphate  and  then  in  a  solution 
Flo.  35.  of  potassium  ferroc}  anide,  there  is  fonts ed  In  the 

pores  of  the  cup  a  gelatinous  precipitate  of  copper 
feiTocyanide.  This  precipiUite  constitutes  a  membrane  which  allows 
water  to  osmose  through  it^  but  is  neaiiy  impermeable  to  salts.     Such  a 
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mefiibrane  is  said  to  be  a  semipermeable  membrane.  If  a  semi- 
fiermeable  membrane  be  prepared  as  above  described,  the  cup,  C  (Fig. 
I  35),  be  closed  with  a  tightly  fitting  rubber  stopper  fitted  with  an  open 
gC^  tube,  A  B,  and  filled  with  a  solution  of  sugar  and  placed  in  a 
%xssel  of  distilled  water,  D,  we  shall  soon  see  the  WMter  begin  to  rise 
in  the  glass  tube.  The  height  to  which  it  will  rise  will  dei>end  upon  the 
concentration  of  the  sugar  solution,  the  volume  of  the  solution,  and  its 
leniperature.  Wlien  two  solutions  of  different  concentrations  are 
separated  by  a  semipermeable  membrane  they  tend  to  become  of 
the  same  concentration,  and  water  will  pass  from  the  weaker  to 
the  stronger  solution.  In  the  above  illustration  the  sugar  molecules 
endeavor  to  pass  into  the  water,  but  are  opposed  by  the  impermeable 
membrane,  upon  which  they  exert  a  pressure,  just  as  a  ga^s  exerts  a  pres- 
sure on  the  walls  of  its  containing  vessel  As  the  sugar  can  not  pass,  it 
attracts  the  water  and  pulls  it  through  the  membrane  with  the  same  force, 

*This  force  is  e:isily  measured,  and  is  called  its  osmotic  pressure* 
Osmotic  pressure  may  be  defined  as  the  maximum  pressure  or 
force  w^hich  a  solution  exerts  on  its  walls  of  semipermeable  membrane 

In.  hen  immersed  in  pure  distilled  water.    This  pressure  is,  like  that 
lif  gases,  the  result  of  the  bombardment  of  the  walls  of  the  containing 
resold  by  the  molecule  of  the  dissolved  solid*    The  more  molecules 
Ibere  are  In  a  given  volume  of  the  solulion,  the  more  blows  will  be 
delivef^  In  a  given  time  against  the  membrane.     This  is  equivalent 
Id  the  following  law  of  Van't  Hofl':    At  constant  temperature  the 
osmotic  pressure  of  dilute  solutions  is  proportional  to  the  con- 
ceotration  (number  of  molecules  in  a  given  volume)  of  the  dis- 
JlTcd   substance.     This  is  analogous  to  Boyle's  law  for  gases:   At 
Jiistant  lempeniturc  the  pressure  (tension)  of  a  gas  is  pruportional 
its  density  or  concentration. 

By  the  kw  of  Gay-Lussac  (p.  ii)  the  pressure  nf  a  gas  varies  di- 

^ly  with   the  absolute  temperature.     It  is  found,  also,   that  the 

lotjc   pressure    of   dilute    solutions   is   proportioiml  to  the 

jiute  temperature.    The  law  of  Avogatlro,  therefore.  api>lieii  to 

osmotic:  pre^^urc  as  well  as  to  gases,  and  may  be  slaletl  as  fuUfiws:   At 

Hilt  same  osmotic  pressure  and   the  same  temperature  equal 

volumes  of  all  dilute  solutions  contain   the  same  number  of 

molecules. 

Tlic  Abo«^e  Uiv^  of  loluilons  may  be  expanded  into  tbe  following  statement : 

TIk  OBDKidc  prrssure  of  a  givrn  weight  of  dissolved  substance  Is  eT|ual  to  the  gas 

e  diat  weight  of  suWunccr  woujd  eJturi  if  it  were  converted  inio  the  gaseous 

ill  rrint:i(nc^  in  ihc  sam*!  voJume  as  that  occupied  by  the  solution.     The 

'   of  a  gmm-moletular  solution  of  NaCI  (58.5  gnitiis  per  liter)  has 

n  *  be  iiLioui  2  2  sitmosphcres-     Pfcffcr  fuund  that  a  one  per  cent,  sugar 

ifiitiDii  gftve  mik  o^mtjiii^  presfiure  pf  555  miLUmeterB  of  mercury;     As  the  molecular 

6 
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wficr.:  if  .-;;n{-f--Jirar  is-  j.^^.  a  tint  \kt 
tr:.T:.  d  i>i-  -ji..  -.k  r  ;i:(r.  Tht-  p-:i:T-.-::i'.':L-c"i:iar  folution  would  have  .in  osmotic 
_;r!-i*,u-:  I"  :>:.:-r  rr.L-ir'titrs  of  mtrcun-,  or  22.^  aimosphcrcs.  Two  sciluiions 
rii.\-.T\z  :hj  siir.ji  ^♦>~i  i'jl  ;»res>urt'  irt-  soid  to  be  isotonic.  If  one  of  two  li(}uids 
r.;..-  ;.  Mirnir  or  a  1  wir  nsrD.dc  7irt:.>j.ure  than  the  other  it  is  said  to  be  hyperiso- 
tonic   •:  h3rpo-isotonic,  rt:>:»c\:i\  i.y. 

\\':j:t.  :w-  >  i:„u.»rj>  fjf  diftinr.i  jisJ^Liiic  prej^ures  arc  separated  by  a  scmi- 
:»:  rr ■:■:,: I  {  r.  1  t::r. : irL n i .  : ht\  \r: .1  ":»:% i ria e  i»-»t«.'rJv,  by  osmosis  of  water  from  the 
I  ;>.-:>.  1]  mi.  1  tht  h\-:«7l*y;iioni.  s-nljiii-'n.  C>smutic  pressure  is  a  property  of 
>  •!;_:i.ir.>  ;»nc;  jr\:ii>\  t  xiM  when  no  mc-Xibranc  i^  prtrsent.  It  wll  tend  to  prevent  the 
•-."!  nil  \  iricni  vif  :rw  :Ti.iji\-uje>  kif  the  soivent.  and  conset^uently  will  tend  to  prevent 
;•'.  r:  ..Ti.wsivTiwzw  iu  :hi  m.iie.-jii-s  oi  water  in  freezing,  or  ii  wUl  lower  the  freezing 
.'  ■.: :  .1:  :n:  s.*ij:J.ir.  ir.  prcijKini,).-:  u^xhv  strength  of  the  pR-ssure  or  the  concentra- 
:  I  •:  •:  :  rir  s.  tJLii.m.  Tur  the  same  reas^  -n.  it  will  prevent  the  esfaj:»e  of  the  molecules 
•■  :r>:  >. i:\in:  ir.  rxjiUng.  and  wiii  ihuj.  ra:>e  the  boiling  };R»int  of  the  solution  above 
:?»!  :>,.., .rit  :iMin:  o:  the  scii vent. 

"  ni  .!t;.rtssii'r.  •:'  ihi-  free^nc  T^'int  of  a  solution,  below  that  of  the  solvent, 
;.:>.  '.r;;  r;J>;np  n:  :.*«  S.ii Jnc  p:iir.;  .-f  a  s<:)lut)on  above  that  of  the  solvent,  thus 
:•:■-  ir.'i  ;.  rru'iisurr  vif  thi  :»sr:i.iiii  J.'^•^^urc  c\\  a  Si^luiion.  Or.  if  we  know  the  amount 
•:  >.  :i-::.nr(  ir.  >iiiLii.ir..  iht-st  n-.ay  be  used  to  determine  the  molecular  concentra- 
:j  •:.  .«:  ;m;  >.i:L'J.ir.  .-r  \:n  r.-i/.je.'ular  weight  of  the  substance  dissolved  (p.  18). 

1;  sn  i^!..  :n  >:«:i\]  htrt-  thjt  ir.  ihi-  case  of  electrolytes,  or  substances  which 
.;!->'  ...:-.  .T.  .'1  ..;*.!«-  s.»i^:i..n,  ihe  iixn.-  ions  t^-have  like  undis.«ociated  raolcoilcs. 
'i '.:-  .:i.r:..>:'-  :S:  r.T.ilevu'.i.r  ronceiitratiL»n  of  such  2*.">l'j lions;  consequently  in- 
"...-.>  ;r^:  .»>r->.':j.  -.ire^vsurc.  the  i:epressinTi  tif  the  freezing  j-joint,  and  raUes  the 
:»  .  ."v:.  .«  .-•  :  Tni-st  mtihvKi?-  .-f  dtterrr.ininc  mviltvuiar  weights  can  not,  therefore, 
:•:  ..>.'.  'v:r.  >..  r.  su^stanrfs.  Thiy  car.  Ix  useii.  however,  to  determine  the 
.:;i:~.';    ■•    .,ss  «.  s./.i.f-  th..'.  \,x\.c<  \  laii"  ir.  suih  si:>lution>. 

":>:  .:: :. -r...'...:v.r  v!  ihr  K-i'i-i;  \^*\r,\  anri  the  freezing  point  of  solutions  is 
:■■.;.:.  ;..>.!;•  :  V, . . r.  :  * ^ :  .-. i ri\  :  r, i : :  tt.\\ n:i ti .  -n  of  the  « )sr.-jv Jiic  pressu re ;  hence  these 
..-i  !::;■.-.'.  .'  ;.>:•/.  :  .'iiiTv.ini-  iV.;  visr.v.ti^  pri"v-i:n'  and  the  molecular  a>ncen- 
:-.■,!.  7.  Ti^-.;  >-iv:i -r,i:i;;:i.'r.>  ::n  thirefore  of  great  importance  in  determining 
::■;:    -^  .;•.,.■..•  wiijL^.:  .  :  I- ■:-.v.'!ii-a:evi  .  'r:-:yKvjnii?.     \. See  page  201.) 

".  :.  .;  ".•■.'■■  :■-..:!:•>  i-jj.)>.ir.g  ihi-  -,- •tvj'ia-r.:  in  many  vegetable  and  animal 
V.  -  ..:\  -.  ...:•.-■.-■.■.;:.  I .  Thr>  .iri-  x-bsiT\-i\i  to  take  up  or  lose  water,  according 
..>  ;':..     ..-:    1 -.:... 7>i-.;  iv.  h>;.v»-  «.  r  hy:»ir-iiKiivTiic  Si"»lulions.     This  principle  is  of 


Dialysis  \vi  h.nc  iicn:ie\l  :»>  the  liiiTusion  of  soluble  substances 
thr -".ch  pi>r«j<  membranes.  A  dialyzer  is  an 
a]y^;:r.ii;jv  a>n>i>ling  oi  a  shallow  vessel,  pro\*ided 
\\iih  .i  bon.«m  oi  ]\irchment  or  s*"»me  ^wrous  mem- 
br.;:u\  in  which  the  S4>lution  to  be  dialyzed  is  placed, 
and  the  \c»ol  i>  ihon  fli»ated  upon  pure  water  in  a 
l.-riTiT  vessel.  (See  Fie.  5C>.)  In  this  case  the  mem- 
br.me  is  |x^rnH\ihle  and  allows  the  molecules  other 
than  water  t.^  juss  ihnnigh  it.  The  volume  of  the 
water  .should  be  oijiht  or  ten  times  that  of  the  solu- 
tii^n  \o  W  dialyzed  and  should  be  frequently  re- 
newed.    In  the  courM*  of  two  or  three  davs  the  cr\stallizable  bodies  in 
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tkt  solittio>ii  will  lye  lound  to  have  passed  into  the  water  of  the  outer 
lc3Bcl,  ami  ihe  colloid  bcxiies  will  be  in  the  dialyzer* 

DialyMS  h  cmpltjyed  to  prepare  a  pure  calloid  material  by  dialyzlng 
bem  It  all  cry^ialilzable  salts.  A  complex  mixture^  like  the  contents 
d  I  slomach,  is  sub  mil  ted  to  dialysis  for  the  pur|jose  of  separating 
bam  il  the  crystalloids  which  it  may  contain^  so  as  to  get  them  in  a 
l&i?  ir&tefy  solutiuo  fur  anal}*sis. 

CRYSTAILOGRAPHY, 

FQCBIftti0CL  of  Crystals. — Wlien  subs  Lin  ces  change  from  the 
adled  10  tbe  solid  state  or  sepanite  from  a  solution,  many  of  them 
mUDe  ;&  regular  geometrical  form,  called  a  cr^^staL  The  process  is 
cdkd  cryiFtallization.  The  same  substance  always  assumes  the 
•ae  crysLtlliae  form  under  the  same  conditions.  Under  different 
ctlcuilliteiceSi  as  high  and  low  temperatures^  the  same  substance 
■ay  hftire  two  different  aystalline  forms,  in  which  case  it  is  said  to 
br  diiiiOf]lilOtas«  UlUcrttnt  salts  of  the  same  metal  assume  dl tlerent 
m^  usiem  the  structure  of  the  molecules  is  very  similar.  Thus 
TCiCU  KCU  NaBr,  KBr,  and  KI  cryst*iUizc  alike,  in  cubes,  while 
~  KNO^  and  KCl  assume  different  forms.     The  form  of  the 

crjntAl  b,  thrreftire,  to  a  certain  extent,  an  index  of  the  molecular 
Mnicturr  of  ttie  body.  There  arc  some  substances,  like  gelatin/ 
bn»  ctc^  which  can  not  be  made  to  assume  the  cr>stalUne  form. 
Such  bodic»  ^m  called  CoUoldSf  while  those  which  crystalline  readily 
aic  G&Ded  ciyBtolloids.  In  order  that  crystals  may  form,  it  is 
■mnry  that  the  molecules  shall  be  free  to  move— 1\  e.p  cohe- 
<tai  maU  be  overcome  to  such  an  extent  that  it  shall  not  prevent  the 
free  nKyvcmcnU  a(  the  molecules.  This  condition  prevails  in  s(jlutionS| 
k  the  oidted  state,  or  in  the  gaseous  state.  When  we  evaporate  off 
Ae  sohrmtt  to  the  case  of  solutitms,  we  may  obtain  the  ciystals  with 
csic.  The  mon*  slowly  the  evaporation  takes  place^  the  larger  and 
mtmm  pcifrct  are  the  di*%t;ils  obt^vine<L  As  a  rule,  bodies  dissolve 
wait  pe»£if  &iid  in  larger  quantities  in  hot  than  in  cold  water.  A 
hoi  Atoimlod  ^Itxtion  tif  any  cry ^tatl liable  salt  deposits  the  excess,  ifn 
tUiMng^  in  the  form  of  crystals.  A  liquid  which  Is  depositing  crystals 
^wjl  do  so  mate  renlily  when  foreign  b^xlics— as  sticks,  strings,  etc.— 
^pi^uspcodcd  in  it  Milk-sufcar  is  usually  crvstaUized  in  this  way,  up* fill 
hMih  of  wood.  AdvanL'ige  is  taken  of  this  fact  to  prepare  parlor 
finiDCfits  m  the  shape  of  ii;r^ss,  lca\es,  etc,  covered  with  aium  cr^s- 
lihi  which  mstf  be  cok>nnj  with  aniline  colors  by  previously  coloring 

iie  wkfattioii. 

bodies  ate  subliined  they  usually  assume  the  form  of  a^'st^ds 
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in  coming  back  to  the  solid  fonn;  for  example,  iodine  and  sulphur. 
When  we  evaporate  down  a  solution  containing  two  cr  more  salts  of 
different  degrees  of  solubility,  the  least  soluble  crystallizes  first,  and 
may  thus  be  separated  from  the  more  easily  soluble  ones. 

This  far  t  is  taken  advaatage  of  in  preparing  common  salt  from  sea-water  or  salt 
springs.  The  common  salt,  being  less  soluble  than  the  magnesium  and  potassium 
chlorides,  bromides,  or  i<xiidcs,  with  which  it  is  often  associated,  separates  first,  and 
may  be  skimmed  otf,  leaving  the  others  in  the  mother-liquor — the  name  g;iven  to 
the  liquid  from  which  crystals  are  obtained. 

When  a  substance  crystallizes  from  a  solution,  the  cr}-stals,  if  perfect,  arc  nearh* 
free  from  impurities.  We  therefore  take  advantage  of  this  method  to  purify  sub- 
stances. 

Water  of  Crystallization.— Most  substances,  when  they  separate 
from  a  solution,  take  with  them  a  certain  definite  amount  of  w^ater 
as  a  necessary  part  of  the  crj-stal.  This  water  is  known  as  water 
of  cr3rstallizatioii.  The  crjstals  of  a  given  substance,  when 
deposited  at  the  same  temperature,  always  contain  the  same  amount 
cf  water.  Thus,  the  crj'stals  of  copper  sulphate  contain  five  molecules 
of  water  for  one  of  the  salt,  and  the  formuh  of  the  cr>stal  is  written 
thus: 

CuSO^.SHjO  or  CuSO^-sAq. 

Ferrous  sulphate  crj-stals  have  the  formula,  FeS04.7H,0. 

Sodium  carbonate  '  **         "  **         Na^CO^ioHjO. 

Alum  "         "  "         K^AL,(SO^\.24H,0. 

A  few  salts  ha\-e  dififerent  amounts  of  water  of  crjstallization  when 
separated  at  different  temperatures.  Thus,  cr}'stab  cf  manganous 
sulphate  have  the  formula: 

MnS0^.7H,0  when  cn-stallized  below  6^  C.  (42.8**  P.). 

MnSO^.NHjO      "       *      "  between    7°  and  20*>  C.  (44*»  and  680  P.). 

MnSO^.iH,0      "  "  "         20°  and  30°  C.  (68°  and  86*>  P.). 

The  cr}-stalline  forms  in  these  three  cases  are  entirely  different, 
showing  that  the  molecules  of  water  are  nccessar>'  to  the  form  of  the 
crAstal.  The  water  in  these  cases  is  held  by  a  feeble  force,  and  may 
generally  be  dri\-en  off  by  e.xposing  the  crystal  to  a  temperature  of 
100®  C.  (212*^  F.)  in  a  dr}'  atmosphere,  when  the  cr^-stals  fall  to  pow- 
der.* In  some  cases  the  oystak  lose  their  water  at  ordinary  tempera- 
tures and  crumble  to  a  powder.  They  are  then  said  to  effloresce. 
On  the  other  hand,  some  dr>'  substances,  when  exposed  to  the  air, 
absorb  water.  They  are  then  said  to  deliquesce;  such  a  body  is 
said  to  be  deliquescent  or  hygroscopic. 

*  It  frequently  happens  that  one  molecule  of  the  water  of  crystallization  requires 
a  much  higher  temperature  to  expel  it  than  the  rest.  Thus,  in  CuS0^.5H,0,  four 
molccult^s  are  driA-en  off  at  100°  C,  while  the  fifth  requires  a  temperature  of  200®  C. 
To  distinguish  the  water  that  is  more  firmly  held,  it  is  called  water  of  consHhOion. 
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Sinr  iiittate   (AgNOJ  and  a  few  other  salts  ciyst^Uiae  without 
^^  ^  i-n  ^talligaiion. 

"    Crystals.— A   great   variety   of  crystalline    forms   are 

,  ..^..  ^^L  for  convenience  of  study  all  may  be  classed  in  six  sys- 

toRL    Tbede  syslecas  are  based  upon  the  number^  length ,  and  Inclina- 

in  «f  certajii  iniagiiiarj'  lines*  called  axe^^  passing  through  the  center 

(^  tf^  crystals  and  coiuiecting  opposite  parallel  sides  or  op|x>site  angles. 

^  %  17) 
The  foltcvwing  figures  represent  a  few  of  the  most  connmon  and 
'  rms  ijf  cr>'5tals  met  wit!i,  and  the  most  of  those  spoken  of 
1  Jjirijig  page^: 


i 
t 


/lo  ji.*— RsntiLAi  fhriAmitkf^s  Fio.  jo.^ — Cir»«, 


Fro,  4j,— RiTOMntJiTJAi. 


PART  II. 


THEORETICAL  CHEMISTRY. 

Molecules.— A  molecule  has  been  defined  as  a  collection  of 
atoms  held  together  by  chemism  or  affinity  in  such  a  way  as  to  neu- 
tralize their  electrical  polarity  and  to  a  great  extent  their  tendency 
to  a)mbine  with  outside  atoms. 

When  the  atoms  comprising  a  molecule  are  of  the  same  kind,  the 
molecule  is  said  to  be  elemental  or  simple ;  when  of  different  kinds, 
it  is  called  a  compound  molecule. 

When,  by  chemical  means,  we  cause  a  rearrangement  of  the  atoms 
of  com|K)und  molecules,  we  may  obtain  two  or  more  kinds  of  mole- 
cules; but  with  elementil  molecules  we  only  obtain  one  kind.  We 
may  illustrate  this  by  the  following  formula;: 

If  in  the  molecules  represented  by  HOH  and  HOH  we  cause  the 
rearrangement  by  a  strong  electric  current,  we  shall  have  HH,  Hh, 
and  00,  or  two  kinds  of  molecules  entirely  different  from  the  original 
molecules  and  from  each  other. 

If,  on  the  other  hand,  a  current  of  electricity  be  passed  throu^ 
either  HH  -h  HH  or  OO  +  OO,  we  will  only  obtain  HH  and  HH 
or  OO  and  OO.  By  this  and  other  methods  known  to  chemists 
about  eighty  elemental  molecules  or  different  kinds  of  atoms  have 
been  discovered.  By  a  chemical  element,  then,  we  mean  a  sub- 
stance that  has  never  been  found  to  contain  more  than  one  kind  of 
matter;  and  a  compound  body  is  one  that  has  been  shown  to  contain 
more  than  one  kind  of  matter  or  atoms.  These  eighty  different  mole- 
cules or  atoms  have  each  received  a  separate  name.  The  name  of  the 
molecule  and  that  of  the  corresponding  element  is  the  same.  These 
names  are  given  in  the  first  column  of  the  following  table: 
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Xamk. 


S  Bromino Br 


0  Cadmium. 

13  Caoium,.. 

11  Calcium,.. 

12  Carbon,. . 


13  Ct-rium 

14  Chlorino 

15  Chromium 

lb  Cobalt 

i;  Culumbium 

(Niijbium)         I 

18  Co:.jjcr ! 

IQ  I>>^pro^ium 

JO  Erbium ■ 

21  Fluorine | 

22  Gadolinium, 

^3  CvAllium, > 

24  Germanium, 1 

35  Giuiinum, 

fBer\  Ilium)       | 

16  Gotd(Aurum),.. 

2:  Helium ' 

2b  Hydnigen         (or 

Hydrogirnium)  < 
JQ  Indium, 

tt  I<idine, ' 

51  Iriiiium ' 

jj  Inm  (Ferrum),. . 

}$  KnyVHi 

54  Lanthanum 


Cu 
I)v 
Er 
F 

Gd 
Ga 
Ge 
Gl 

Au 
He 
H 


EgnVALENCE. 


1  Aluminum '  Al 

2  .\ntiniony '  Sb 

I  Stibium) 

;  Argon, '  A 

4  Af^^■ni^- '  As 

;  Barium Ba 

6  Bismuth '  Bi 

7  Bon^n B 


IV,  (Al),  vi 
III,  K 


III,  r 
II 

III,  V 

III 

I,  ///,  K,  VII 

II 

I 
II 

II,  IV        . 

Ce  II,  IV,  (Ce,)  vi 

CI  I,    ///,    V,    VII 

Cr  '  II,  IV,  (Cr,)    VI 

Co  ,  II,  IV,  (Co),    VI 

Cb  V 


Cd 

Cs 
Ca 


SpEanc 
Gravity. 


II.(Cu),ii 

II,  (Er^  VI 

I 

III,  (Ga,)  VI 
II,  IV 

II 

I,  III 

I 


II,  (In,)  VI 
I,  III,  V,  VII 


In 
I 

Ir    I        //,  IV,  VI 
Fe   I  II,  IV,  (Fe,)    vi 


11 


Kr 
La 


III 


2.5 
6.7 

D*  =  19.9 

/    5.8 

\    gas  150 
4.0 
9.8 
2.63 

\D-79.34 

/        8.6 
1d»56 

1-57 
/  M.  s-3 
I     G.  2.3 

6,62 

35-5 
6.8 
8.9 


8.9 


19.0 

6.0 
5-5 
2.15 

19-3 
)   -   2.18 

D  -  I 

7-4 

D- 125.9 

4.9 

21. 1 

7.8 

I)  -=  40.88 

6.1 


Atomic  Weight,  t 
O  -  16. 


27.1 
120.2 

39-9 
75-0 
(L  «=  i3.44)t 
13737 
208.0 
ii.o 
/  79-92 

\  (L  =  7.17) 
II  2.4 

132.81 
40.09 


140.25 
3546 
52-1 

58-97 

93-5 

63-57 
162.5 
167.4 

19.0 

157-3 
69.9 

72-5 
9-1 

197.2 
4-0 
/  1.008 

\  (L  -  .oSoQgm.) 

1 14.8 
/    (L- 10.38 
\       126.92 
I93-I 
55.85 
81.8 
139.0 


*I>  *  Dnuitsr  of  gu  or  vanor.  t  L  ~  Wcifiht  cif  00c  liter  of  vapur  or  ga*. 

t  Sec  "  Jour.  Amer.  Chcm.  Soc.,"  January,  igoy,  p.  5. 
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MEDICAL  CHEiaSTRY. 
THE  CHEMICAL  ELEMENTS.— (Coi«/iiit«erf) 


Name. 


Equtvalence. 


SPEanc 
I      Gra\'ity. 


Atomic  wqcht.    ^h 
O  -  16.  S" 

»5 


Pb 


35  Lead, , 

(Plumbum) 

36  Lithium, Li 

37  I^utecium, 1  Lu 

38  Magnesium, Mg 

30  Manganese Mn 

40  Mercury  (Hy-  „ 

drargynim),  ^ 

41  Molybdenum, Mo 

42  Neodymium, Nd 

43  Neon, Ne 

44  Nickel, Ni 

45  Nitrogen, ;  N 

46  Osmium, ,  Os 

47  Oxygen ■  O 

48  Palladium |  Pd 

I 

49  Phosphorus, |  P 


(Ka- 


Pt 
K 


Pr 
Ra 
Rh 
Rb 


50  Platinum,. 

51  Potassium 

Hum), 

52  Praseotlymium, 

53  Radium, 

54  Rhodium, 

55  Rubidium, 

56  Ruthenium, I   Ru 

57  Samarium, I  Sm 

58  Scandium, j    Sc 

59  Selenium |    Se 

60  Silicon, I    Si 

61  Silver       (Argen-! 

tum) I 

62  Sodium         (Na-I 

trium),  ! 

63  Strontium, 

64  Sulphur, .. 

65  Tantalum, 

66  Tellurium, 

67  Terbium,., 

68  Thallium,. 

69  Thorium... 


Ag 

Na 

Sr 

S 

Ta 
Te 
Tb 
Tl 
Th 


II,  IV 
I 

II 

II,  IV,  (Mni)   VI 

(Hfo)  n,  II 

//,  I\\  VI 
II 

II,/K,(Ni,)vi 

/,  III,  V 
II,  IV,  VI,  VIII 

II 

//,  IV 

III,  V 
//,IV 

I 

II 
II 

//,  IV 

I 

//,  IV,  VI,  VIII 

III,  V 

III,(Sc,)vi 

II,  IV,  VI 

II,  IW 

I 

I 

II,  IV 

II,  IV,  VI 

II,  V 

II,  /I 


VI 


III 
I,/// 

IV 


"•3 
0.6 

1-7 
8.0 

13.6 
(D-ioo) 
8.6 

9-97 

8.8 
14.0 
21.4 

16.0 

II. 16 
2.2 

1.83 
D=62 

21.5 
0.86 

'39-^ 


D  = 


11.4 


4.8 
2.6 

10.5 
0.97 
D  =  23 
2-54 
2.0 
D-32 
10.78 
6.6 

1V.8 
7-9 


Note. — A  number  of  elements  haxr  been  annoumed  within  the  c 
not  appear  in  this  table.     Some  of  them  ha^-e  alreadyjiecn  found  to  I 


,    r 


207.1 

7-0 
174.0 

2432 
54^3 
200.0 

(L-8.99) 
96.0 

144.3 
20. 
58.68 
14.01 
190.9 
i6x)o 
(L  =  i439) 
106.7 

31-0 

195.0 
39.10 

(L-3.5) 
140.6 
226.4 
102.9 

85.45 
101.7 

150.4 
44-1 
79.2 
28.3 

107.88 

23.00 
L  =  2.o6) 

87.62 

32.07 
(L-2.86) 
1 81.0 

127.5 
159.2 
204.0 
232.42 


+ 
+ 


not  appear  m  this  table,  borne  ol  them  ba^-e  alreac 
probably  be  found  to  be  such  when  further  studied, 
dently  studied  to  merit  places  in  this  table. 


LSt  few  years  whose  names  do 
;  compounds,  and  others  will 


Polonium  and  actinium  haw  not  been  suffi- 


Molecular  Weights*-— Molecules,  whether  elemenLil  or  com- 
i,  must  have  a  definite  sim  nncj  wefght.  The  ab?wilute  vvcjp;ht  «>f 
juid  atoms  is  of  no  practical  value  to  the  themisl,  btjl  ihe 
ITC  wcjf^ts  of  molciiile;i  wc  shall  find  tu  lie  of  vusi  imintr- 
The  pbymcal  pr»f>crlic!!i  of  ln)die^— as  iolor,  hardne.ss,  duclility, 
dHtfmiriwl  Uy  the  projicrliea  of  ihe  molecules  composing 
IhoiL  In  »%^ghjng  molecules  we  usrC  the  lij^htcsl  known  atom  iis  ihe 
wt  of  weight  This  atom  is  ilwt  of  hydrogen.  The  relative  wci^'hts 
if  flileniks  luive  all  been  measured,  and  in  ex[>ressiii(T  these  weishls 
^rprests  how  many  times  heavier  the  molecule  is  than 
■n  atom.  Thus*  the  m^»lecular  wei^^hl  of  oxygen  is  ;^2*; 
motec-ule  of  oxygen  weighs  as  much  as  32  alunis  (>f  hy* 


weight,  then,  is  the  weight  of  a  moleiule  as  com- 
I  with  the  weight  of  the  hydrogen  atom  taken  as  !» 
^  Amgwlfo's  or  Amii^re's  Law.— ^This  law  was  first  enunciate<l 
■If  AfOfsdio,  an  Italian  physidst,  tn  t8ft,  and  was  rcprodiucfl  by 
Hbla^tlrr,  m  Freoch  physicist,  \n  1814.  The  law  has  already  been 
Hnital  («re  p.  13),  as  follows:  Equal  volumes  of  all  true  gases, 
^«ft«o  at  the  mmmt  temperature  and  under  the  same  pressure, 


•t1^  «^tft  WolcctilAT  wt'ight  of  oifygen  U  31.76,  or  twice  the  «tomic  weight* 


»-IH  \r    I3BE3IS3C: 


H'jiirintiiE   if  T?m:imrjc  and 

nfc  i-i'-jT^  r  .'  ."nr.  •in:  :z  '  nr  Tr.\riizii±e  Zizznitiiamc  zie  ^gr*-**^  As 
-  i^-.-r-  -  -..-Lii  .1  r-z:  ri:  -:t.  xe  i:. -^  ne  3:iii:wr23Ci  FlnL 
lusenixfi  zuuesmcs  ic:  1»  sme  aanosaEOizs  Jiiii  KcsBKe  ahnqs 
iGiiU'*  "lie  gnxB  sacs — .  ..  -tui  hl  >*-~tt*  xg;*ne:  -virr  ±e  izmer- 
vtn.::^  r.-ij--  -■.-.■.■-■  :^nr>t^  "He  ^mn  vijiimi*  ^j-  mrf  Sffiice  the 
^r.r  ■■  ::-n:s:  .  .-i:..r«  Ht  -^rnf  mniijcr  .r  iii.ii^juiis.  Ir  a:-J&^vs  that 
-jxe  'W'supxxs  Tt  ^gngi  Troiums  if  hdt  ^pri  ^luufc  'iniier  Sfee  cm- 
:::.:  I.-.  ^.  ..:  ''^  xce "iliK Ticggnt  if  'ii^  ibuk  znnter of  onlecBltt. 
SJBnce.  :fxe  tspn  -vo^rns  "vul  saami  in  :b  seek  jiiyiMlkii  to 
faciL  loer  is  ^is  -vn^ss  if  -fiffrr  w^jwti--  u*  nmijBcaScs. 


v^nzita   ,: 


v.riain     -_^->- 


.iiii. 


-n^ 


"ir^^n  i=ii  nr-^a  £k!^   arpr  eacGg!t  to 

crur  a  •ni::?nr  cigy^  irdl  jc  3r  ae  one  ose 

::rr  v.-i^nr   i   inc  xi^jc-  -:.r    i   r-nsris^n.  imi  Ji  :3i;  irTrr  :r,  3oc  txznes 

.^jr  TA.,t-  tlj:   :r  rr—s^Ti.  *ir:  :ae>e  -luiniies  Tins:  ":e  a:  -eiii*  ccberas 

I  .IT  m.  j'r-:  mrfim.^  i:  iiiiTE:.  Ir  i  t:  ::ieTr!iije-*  -ttat  Newton's 
::  T  vii.  ^  r.=  -:u;ni  •  ■  Lte-;ni.ir."  Tnir  i  3i:t  "ras  riai.Tt  to  enier 
-ji  •:   .1   iitr  -:t^:«.i5  .r  -ni.-  :.'t      -fiunir?  x  t.  5U.7  imz  x  r«s  oc  About 

.1  r-i.  -  :it  iiv  .r  *_•  ici4:r-;  :ai  :t— n  t  unii  "ir  1.7917  x-  dlun:  jciEOms  as  veU 
L.  I.  rsi-»r- .  i.-.ii  r.a-  :r  irori-:  l.-  :r.Ji:vn  Z.i'ia.  -'atime*  :£  acityrrr^  bavipg  the 
,t.'.'.r.  .'•:■:  ^rrri:  :r:  1.-111  iii!  ^ioii*  :iini;iir  -r^rum.  r::noi:r  ±1;  iaze  cumber  of 
r...if-  .A"..  Z'-jf.  a-v  Tiu-  ^na.:iti  ik  "i:  iiiTiimize  itiiiir-'iiur  wears  of  dzssohcd 
■  ■i.Af,i.-.i'.vi  ■-.;•:/.«  :;rr.ur.L.TrMiH  tr'-i^rTninuzjin  :£  toe  ":jl.'=::A.  2£Ci^c7Unre,  aod 
'•,•. iv.i .» .1 .  -  r  ^L-: :  ir^  -  f  -Jui  hn ■  iru ;  ri    : ; ni^  ar^  "■'':■ 

5timber    of    Atoms    in    FTniirtLSjI     Molecules. — We    may 

'^.fttj^rrr..'.'!*  t:-.^  r/-.T-h«r  :t  iiitrs  i:i  r-ivj  eLersenrjJ  zooicoilcs  by  the 

T'-.i'.  ^T.'-.rrtmrii-.n.  — J17  ztt  d-acraieii  bj  rea;r»=i:e  to  the  bef^arior  of  die  two 

lr.*r.  i  'frt  -r/'y^  ir.-rfTtcfi  o-nw  serrr^y.  put  et;:iil  vit-ui^es  of  the  two  gases,  aad 
»;>/«  ?r>^  ;ir.:.ar-ir-^i  :-.  *tin^  in  dfrose*!  lizht.  .\frer  54:0:*  b^cr?  the  gmnish  coloc 
f.f  ir.f  r.izr  ,r-:  -*;!!  riAv<t  ftr.tirtlj  disappeared,  the  eases  having  combined  to  fonn 
f'f:/- '  /,i'.r>  ■■  r./Hr^rhiriric  arid.  '  The  f:{eTT^.:r7  standb  at  the  sazze  height  in  the  tube 
k\  at  f'r,f  V'^rir.nins^  of  the  experiment-  The  T«?Iiime  of  the  hvdrochloiic  acid  is 
tftt.r*-U,r0:  ju..r  ^^;uaI  Uj  the  combined  Tolume  of  both  constituents^     (Sec  p.  iia.) 

f>-f.  ?h/:  foIlo'Aing  diagram  represent  this  combination: 


f 


1 

H  + 


r 


ci 


N"" 


H  CI 


1000 


1000 


2000 


PROPERTIES  OF  MOLECULES. 
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Sbot  tbc  Vfilit&ie  of  the  h^rdrogen  and  Ihat  of  the  chlorine  arc  equals  it  h  clear, 
llAtlir  Mw  of  AvogaulrOi  tliat  ibe  number  of  motet: LLlt;s  of  each  must  t>e  the  same; 
iii^tel  the  niamber  of  molecules  of  Otc  hydTochlonc  acid  gas  must  be  e<}ual  to  the 
«B  of  dlE  taoletules  of  the  two  eiscs  u$ed.  Suppose,  for  illustration,  that  the  vol- 
■gflhydniffia  taken  contained  tooo  molecules;  then  there  were  looo  molecules 
4  chMae  mnd  scsoo  mokcule$  of  hydrochloric  add,  the  volunie  of  this  gas  being 
tmct  llttt  of  lijrdrogeji.  Each  oi  the  2000  molecules  of  hydrochloric  acid  must  con- 
ah  atom  of  bydrogen  and  one  of  chlorine;  hencei  jooo  atoms  of  each  of 
have  been  derived  from  1000  molecules  of  the  same,  and  then^fore 
most  have  fumisbcd  at  least  two  atoms. 


Esqxriinents  quite  as  decisive  have  been  made  to  show  that  in 
■Her  two  volumes  of  hydrogen  and  one  volume  of  oxygen  pnxiuce 
tid^  two  volumes  of  waler-vapor— 1.  e,,  three  molecules  have  been 
into  two  molecules  of  watery  vapor*     (See  p.  124.)    Thus: 


r-          V 

H 

H 

+ 

0 

=^ 

Hj  0 

+ 

^ 

A 

30C 

JO 

1000 

2000 

I 


►  (he  ToluTne  ol  «>^ygen  taken  eontained  roeo  molecules.     If  this  volume 

.ne  of  hydrogen t  then  1000  molecules  of  oxygen  com- 

i  hydr^jgcn-     The  volume  of  steam  produced,  being 

t^  rn  u^ed,  contained  the  same  numlier  of  molecules,  or 

1  ^ve  exiserimcnt  it  was  shown  that  each  of  the  2000 

of  ttydrM^;-  -  .lined  two  atoms,  and  hence  there  entered  into  this 

i  AtoftTs.     hach  of  the  2000  molecules  of  steam  must,  therefore,  have 

Y  alotii^  r.f  hv'ir**gen» 

1  fOOO  tr  :rn  have  entered  into  the  formation  of  2000  molecules 

th  ygen  mu*t  have  furnished  at  least  two  atoms.     Each 

•  of  wml£T  musl*  the rr fore,  contain  tm&  atoms  of  hydrogen  to  one  of  oxygen, 

I  of  mte,  as  wm  tormttiy  taught. 

Atomicity  of  Elemental  Molecules* — Most  of  the  molecules  of 
litis  are  diatomic— i.  f,,  coniain  two  atoms.    Argon, 
/pton,  xcmm,  meroiry,  cadmium,  zinc,  and  barium, 
fTcrwrtain  but  oue  atom  in  each  molecule,     Ox)gen,  as  ozone, 
I  three  alom?*,     Pbo^phoruK  and  arsenic  contain  four  atoms,  but 
al  a  white  heat  tiicse  break  up  inio  simpler  molt'cules.    Sulphur  nt 
birer  tempeniltms  «ems  to  contain  six.  while  al  higher  tempcnilurcs  it 
aantalns  only  two. 

Sijwv-  mt>Jc<"ulr^  which  at  ♦/rfJinan  U  m  f  *  nittire^  contain  two  atoms  hrtak  up»  or 

4teac^t<f  a*  It  1*  li?nne»1i  fit  vvt\  hiirh  t-  <>!  i  -  ratur^*s.     Thii*.  rhlririno,  bromine,  and 

""*    ;iv|kicbal  a  Aiode-f     -  [itjivcryl:  h  nifun- (!4oo**(\) 

•mi  t  the -^it^  r  .  c  hent*    Many 

,  do  Mht  laint  iTMi  ^j^^f^/^)'     A  i"^  '-^^^  ^'^  Ampfe^rc,  thcre- 
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Molecular  Weight,  Determined  by  the  Law  of  Ayogadro.— 

It  has  just  been  shown  that  the  molecule  of  hydrogen  is  composed 
of  two  atoms.  We  have  already  defined  molecular  weight  as  the 
weight  of  a  molecule  in  units  of  hydrogen  atoms.  It  may  also  be 
defined  as  the  sum  of  the  weights  of  its  constituent  atoms.  The  mo- 
lecular weight  of  hydrogen  is  therefore  i  +  i,  or  2.  Suppose,  for  ex- 
ample, we  weigh  equal  volumes  of  hydrogen  and  ox>'gen  gases  under 
like  conditions  of  temperature  and  pressure,  and  find  the  weights  to 
be  respectively  i  and  16  gm.  It  follows  that  the  molecules  of  these 
gases  are  to  each  as  i  to  16,  for,  according  to  the  law,  each 
contains  the  same  number  of  molecules.  As  the  molecular  weight 
of  hydrogen  has  been  shown  to  be  2,  it  follows  that  the  molecular 
weight  of  oxygen  must  be  32,  for  32  bears  the  same  ratio  to  2  that  16 
does  to  I.  I  :  16  :  :  2  :  32.  From  this  it  will  be  seen  that  the 
molecular  weight  of  oxygen  is  twice  its  density — /.  e.,  its  specific  gra^'ty 
as  compared  with  hydrogen.  The  same  reasoning  applies  to  all  other 
gases,  whether  elemental  or  compound,  and  we  may  state  this  fact 
as  follows:  The  molecular  weight  of  any  body  is  twice  its 
density  in  the  gaseous  state.  The  converse  of  this  statement 
is  also  true — viz.,  the  density  of  a  gas  is  one-half  its  molec- 
ular weight.  We  can,  therefore,  easily  calculate  the  density  of 
any  gas  of  which  we  know  the  chemical  formula.  From  the  formula 
we  can  determine  its  molecular  weight,  which  is  twice  its  density. 
For  other  methods  of  determining  molecular  weights,  see  part  iv,  page 
289. 

PROPERTIES  OF  ATOMS. 

Definition. — An  atom  is  the  smallest  particle  into  which  any  given 
kind  of  matter  can  be  divided  by  chemical  means.  It  is  one  of  the 
component  parts  of  a  molecule. 

The  student  should  strive  to  clearly  comprehend  the  difference  between  a 
molecule  and  an  atom.  The  former  is  a  collet  tion  of  the  latter  held  together  by  an 
attraction.  t^Uwl  chemism  or  chemical  afTmity.  Molecules  are  destructible;  they 
mav  lx»  hn>ken  up  and  their  prx^|)erties  destmyed.  The  atom,  on  the  other  hand, 
is  a  i^rticle  whtjse  pR>j)erties,  so  far  as  A%-e  know,  are  never  destroyed. 

Atomic  Weight. — Atoms  differ  from  one  another  in  their 
weight,  and  in  the  quality  and  quantity  of  their  combining 
power.  Further  than  this  we  have  no  certain  knowledge  of  their 
]>n^|HTtios. 

The  weight  of  an  atom  of  any  given  element  is  always  the  same. 
In  woighinj*  atoms  wo  do  not  take  the  absolute  weight,  but  the  relative 
weight,  using  the  hydn^gen  atom  as  the  unit.    The  atomic  weight 


PKOPEJtTtES   OF  ATOMS* 


77 


4f  Of  dcmenl  expresses  the  number  of  times  iis  atom  is  heavier  than 
iriloiii  of  h>ilfi:>geii.  The  atomic  weight  of  oxygen  is  15.88 — 1.  e., 
Ibtitooi  wci^s  15.S8  (approximately  16)  times  as  much  a]>  the  atom 
cf  Iqrvliogefi.  The  atomic  wdghtis  vf  the  elements  will  be  found  in 
Htliiife  Ofi  pages  7 1  and  73  *  The  aUimic  weights  based  upon  O  =  i6 
most  comiiioiilv  used. 


Wk  the  H  atocD  is  tlie  umt  of  weight  for  the  other  atoim»  in  ft*2ility  the 

^oim^Iiyot  the  elements  havit  been  deleitnined  by  the  analy&feof 

i  coBipdufitk,  and  ttiirt^fore  tiinr  weight  as  comfMUT!<l  lo  oxygen.     Fcsr  a 

rlhr  Wright  uf  H  U*  f  >  was  lKlicvt(J  in  be  i  :  16*     But  us  it  was  founrl  that 

lliimtk»  WA*  I  ,  IS*&S,  it  w»s  found  tm  trc  ironvemtrni  to  retain  the  atomic  weights 

Ui  O  —  t6.     \Vr  shiiil  udopl.  iherefare^  ihe  numbers  ^ynd  in   the 

I  in  ^  table.     For  uwai  purposes  the  nearest  whole  number  mjiy  be 


Qtiftlity  of  Combiaing  Power-— Polarity  of  tlie  Atoms.— 
We  liave  seen  (p*  59)  that  when  a  current  of  elettritiiy  is  sent 
dbnioi^  a  &»3btioti  of  a  metallic  salt,  the  metallic  ions  collect 
tboQt  the  nc^tive  dectn^de,  while  the  non-metaUic  ions  appear  at 
tfcetnative. 

Mo^'  riitxiunds  are  capable  of  electrolytic  dissociaticm 

•olyti  r.  or  of  cleaving  into  two  parts^  one  of  which  h 

\$Omc%mi  to  the  pTcvifive  and  the  other  to  the  negative  electrode  of  a 
Ac  battery.     We  have  seen   (p.   40)   that   two   bt^dies  charged 
the  siroe  kind  of  clet  tricity  repel  each  other,  while  bodies  oppo- 
dian^xl  attract  each  other    Those  atoms  which  are   at- 
ted  bj  the  negative  electrode  of  the  galvanic  battery  are 
rfore  charged  with  positive   electricity^  while   the  others 
negatively  charged.    This   is   what   is   meant  by  difference 
^  JB  mftlity  of  combining  power.     Positive  and  negative,  as  applied 
[%§  thr  T"  tint)   of  atoms,  arc  not  absolute,  but  relative  terms;    and 
tif  an  atom  may  be  changed,  by  the  inducing  acUon  of 
n,  from  positive  to  negative  and  vice  versa.     As  the  pf>si* 
[car  at  the  negative  electrode,  or  cath^xle,  they  arc  some- 
iMjfccij   the  cathtonSf  and  the  negative  iiins,  winch  appear  at 
r  aooric,  are  Irrmcd  anions.     As  a  general  rule,  the  metallic  atom^ 
ipnilcive  and  the  non  metallic  negative. 


WbM  •cifvral  Aiimt^  An-  lit 
f^bamhiwmgm  *^^^*  ^-nt  t-dn  ■ 


.villi  one  anufher,  those  h^Tving  a 

i  that  are  of  like  ],*olaHly,  while 

r.  }i«riir   iiiilun  ur  combinatiim 

1  polarity^  Of  one 

'►rnbine. 


.  rlptita  of  like  metlinds  of  rfetermlmng  atomic  weights,  the  ttudent 
r^  o#  cli£  biiscr  tuikd-tjoobi. 
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BfEDIC\L   CHEMISTRY. 


In  the  following  table  the  elements  are  so  placed  that  each  one  is 
electn)negative  to  those  below  and  electn^positive  to  those  above  it 
In  this  table,  siUcon  and  those  which  follow  it  are  ]x>sitive  to 
titanium,  and  iron  and  those  which  fuUow  it  are  positive  to  nickel 
and  all  those  above  it. 


Electrociiemk.vl  Series. 


Xegath-e  End  — . 

XegtUive  En3,  — . 

Xegatm  End  — . 

Oxygen. 

Silicon. 

Iron. 

Sulphur. 

Hvdrogen. 

Zinc. 

Nitrogen. 

Gild. 

Manganese. 

Fluorine. 

Osmium. 

Lanthanum. 

Chlorine. 

Iridium. 

Didymium. 

Bromine. 

Platinum. 

Cerium. 

Iodine. 

Rhtxlium. 

Thorium. 

Selenium. 

Ruthenium. 

Zirconium. 

Phosphorus. 

Palladium. 

Aluminum. 

Arsenic. 

Mercurv'. 

Erbium. 

Chromium. 

Silver.  ' 

Yttrium. 

Vanadium. 

Copper. 

Glucinum. 

Molybdenum. 

Uranium. 

Magnesium. 

Tun^gsten. 

Bismuth. 

Calcium. 

Boron. 

Tin. 

Strontium. 

Carbon. 

Indium. 

Barium. 

Antimony. 

Lead. 

Lithium. 

Tellurium. 

Cadmium 

Sodium. 

Tantalum. 

Thallium 

Potassium. 

Columbium. 

Cobalt. 

Rubidium. 

Titanium. 

Nickel. 

Caesium. 

PosUhrEnJ  J-. 

PosUht  End  - . 

PosUhr  End  + . 

Quantity  of  Combining  Power. — By  an  anah*sis  of  a  large 
number  of  compounds  of  hydmgen  with  other  elements,  it  has  been 
found  that  the  atoms  CI,  O,  N,  and  C  combine  with  different  amounts 
ofH. 

35.^  parts  bv  weight  of  Chlorine  combine  with  i  part  of  H. 

16  ^       "     *'*       *'       "  Oxygen         "  "     2  parts  of  H. 

14        "     "        "       "  Nitrogen       '*  "     3     *'     "  " 


12 


Carbon 


H. 
H. 


This  shows  that  the  power  of  the  atoms  to  attract  and  combine  with 
hydn>gen  is  not  alike  in  all  cases.  This  is  e.xpressed  by  saving  that 
the  valence,  or  quantivalence,  of  the  atom  in  question  is  i,  2,  3, 
4,  5,  6,  or  7,  aca>rding  as  it  will  attach  to  itself,  be  exchanged  for, 
or  tike  the  place  in  a  molecule  of  i,  2,  3,  4,  5,  6,  or  7  atoms  of  hy- 
drogen or  their  equivalents. 

The  chemical  equivalent  of  an  atom  is  an  atom  or  any  number 
of  atoms  which  can  take  its  place  in  a  molecule.    Atoms  are  divided 
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ink)  moQuis^  dyaids,  triadSp  tetrads,  pentads,  hezads,  or  heptads, 
icomijrm  d^  ihcy  ran  fix  i,  2,  3,  4,  5,  6,  or  7  atoms  of  hydrogen  or 
ti  t\U    Univalent,  bivalent,  trivalent,  etc,  are  adjectives 

KIT  ^d  tu  expre^vS  die  valence  of  an  a  Lara* 

A  monad  b  die  cheiniLiil  equivalent  of  a  monad. 


''J  rati 
"ictatl   * 


2.  monads- 

J  mormrlst  or  t  monnd  and  1  dyad. 

4  tnunods,  3  dyads,  or  i  moiiad  and  i 

Lriad. 

5  monads,  a  tetrad  and  i  monad,  a  Lriad 

atid  ^  monads,  or  2  dyads  and 
I  moriad. 


IV  valenre  of    an    atom   is   often   indicaled    lo    the    eye    by 
thus: 


Sftcmad      0—       Dy^d 

— O— 

Triad       — O— 

Trtfid   —0—     Pcotad 

-i' 

Mcxod     —0—    Hcptad  — 0- 

1 

/\ 

/\                        /\ 
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Il  will  be  seen  tlial  Uie  hydrogen  atom  is  the  unit  of  comparison  for 
canlilttiBg  powers,  or  valences,  and  the  d^ishes  represent  tJie  number 
«f  beads  or  points  of  attraction,  or  the  number  of  electrical 
ehufes  arried  by  the  atom  in  fjue^tiim.  The  valence  of  an  atom 
■tjr  mbo  be  ei|in^>cd  bv  a  Roman  numeral  placed  above  and  to  the 
nghl.  thus;  HV  0%  N-,  C^  etc. 

Ci^^mbols    and    FormulEe.— A    symbol    is    the    sign    of    an 
m.     In  reprcs^ntinpf  aliims  ami   m*)iecuks  lo  the  eyc^  we  make 
vc:  of  a  icfics  of  svmbids  derive*!  fn>m  the  names  ivf  the  elements 
ThU  14  usually  tiic  initial  letter  of  the  F^ngli.^h  or  l^uin 
or*  to  case  lwi>  or  more  names  liegin  with  tJie  same  letter,  the 
iriib  some  other  characteriaic  letter.    Thus,  on  reference  to 
tm  page  71,  we  see  B,  Ba,  Bi,  Br.  rqireseniing  the  atoms 
bariom*   bismuth,  and   bromine   respectively.    A  -^ymlKil 
oot  be  ujsetf  to  represent  the  clement  In  general,  but  a  symbol 
lyt  represents  an  atom,  with  ail  its  pniperties.  an4l  nothing  else, 
Farmuim,    A  formula  is  the  sign  of  a  molecule.    It  there* 
htat  ieiweaenta  a  definile  weijibt— the  molecular  weight;   and.  in  the 
««  of  gppcSf  •I'iTiJT*  Ihe  same  volume.     Formuk*  are  nuiilc  up  of 
•)i&lk^  as  A  molecule  h  made  op  of  atoms;   and  the  atomii  com- 


8o  if.=r.^-u.  cH^L^osTmr. 

y.^izsi  1  =i.iecu>  ire  ili  rcprcsemed  bjr  sjrnhr.L  in  the  formula.  ThuSi 
H*J1  L=  1  :■  rn-.^  ?K:r»-kKiiiz^  x  ac-jcr^ir  containing  cnc  atom  or 
fjfjt  parL  -V  v-iiT.:,    f  --.  ir.sEi.  ixxi  -i-dc  atom  or  x^.^  p&rts,  by  weight, 

'-t   .rj.r:r.e- 

L:  Tr.tin;!  f  .rm^Lje,  xc  Trrltc  the  STmhok  ccmpo&ing  the  molecuk 
It.    '^Tti-'/iiiit.r-    he-jirr.ir-g   Tri±    the   Ckxe   efectropositive.      Thus: 

Mnltzplicatioa  of  Molecules  sod  Atoms.— Wlien  we  wish 
ti.-  recr^^er.:  rnt.re  tha i  one  aii^m,  we  uae  a  small  numeral  at  the 
If  Tier  r^.: -hazd  cr.ner  of  the  symbol;  thus,  O,  represents  two  atoms 
'I  M}xer..  cr.  since  the  moieeJc  of  oirgen  contains  two  atoms,  this 
oL^j  repre^r.is  the  =ioiecuie.  As^  represents  four  atoms  of  arsenic, 
ft.  TiT-'-e  ihe  n^.Iecuie  cf  arsenic  contains  four  atoms,  it  is  also 
the  Vjrm'i]2t,  of  a  cLecule  of  arsenic. 

Wher.  we  -siizrh  t-f  rec*rescnt  mnire  than  one  molecule  of  a  substance, 
Tkc  u.^  r-ill-^ized  n-nieraLs.  placed  before  the  formula.  Thus,  2H,0 
rtpre^r.L;  fKro  m^.tecules,  each  of  which  is  composed  of  two  atoms 
rf  hvdr.'sen  ar-«i  «.ne  of  oxygen.  Or,  we  may  inclose  the  formida  in 
a  p-arer^Lie^-L-  -r.«i  pLice  a  smaD  numeral  at  the  right-hand  lower  comer, 
thLLs:  'H,0  2- 

Eia~rlt-^:  H,S«'\  r^prrse-t*  i   Eolecule,  containing  2  atoms  of  b\-drogeiiy  i  of 

fH-S*.',  prt  r'_-=*r:-_i  5  =oaecnie5  of  the  sair.e  substance. 

3NH^'''»,  r^t  -*r>«?r.ij  5  n:<-jtcc-jl!es.  coctaining  in  each  molecule  2  atoms  of  nitrogen, 

4  a:,—*  •-  f  h;  ">  ^rtr^  and  5  a:-;n^  of  ox>-gen;  27  atoms  in  all. 
2K^\^  .SO^  ^  rt"  :>-j<:r.is  2  mole^-uics,  containing  in  each  molecule  2  atoms  of  polas- 

ii-rr-,  2  a::— ^  •:£  alun:ir-u=,  4  atoms  cf  sulphur,  and  16  atoms  of  ox}*gen;   48 

a:  .!r.3  :=  a!:. 

As  the  ?}Tr:bi  Is  always  represent  the  atomic  weights,  we  may  re- 
duce any  f'  nr.uh  t;>  numbers,  or  find  its  molecular  weight,  by  adding 
t'^ether  the  vreirfit^  represented  by  the  s^-mbols  composing  it.  Let 
it  be  t:e>ircrl  tr>  find  the  molecular  weight  of  H^O^.  By  reference 
i«»  the  table  on  pag:e  71,  it  will  be  seen  that  H,  =  2,  8  =  32, 
and  O^  =  4  ,•  16  =  64.  By  adding  together  these  three  numbers 
we  <  btain  9S.  the  weight  of  the  molecule. 

An  empirical  fonnula  is  one  which  merely  gives  the  kind  and 
number  of  the  atoms  comf)osing  a  molecule.  A  rational,  struc- 
tural, or  graphic  fonnula  aims  to  show  the  arrangement  of  the 
atoms  in  the  molecule,  with  relation  to  the  saturation  of  the  electrical 
pcilarities  of  the  atoms. 

Examples  of  empirical  formulae: 
HNOp       H^O^       CuSO^       Na,CO„      HjPO^      CH^      C^»OH.      CX), 


i 


CHESOCAL   HOTATION. 


8l 


RitiOimt  fortnut^  for  the  same: 


H^XZ^ 


H— o>SC^     Cu 


^ 


II 


H-C- 


I  fercff^ie  mr^  useful  in  giving  us  a  more  dt^finlte  conception  of  the  rcla- 

nmet^im  isonv  inotlicr  in  the  molcmilc.     They  have  served  as  the  gmdcs 

kfttecrftlir  irunt  chemical  discoveries  of  the  present  centurjr;   such 

mfih^^Saosn^erj  "■  lur  i^rfxrss  of  m;tnufaeturtiig  artificial  madder  and  indigo  by 
Mbedft  froBi  cooJ-tar  prcduct». 

▼tftatioil  in  Valence. — By  graphic  formutj^  we  are  abJe  to 
^opUa  a  fea  that  is  always  a  matter  of  difficulty  to  the  student — 
^■lii^  the  vaxiation  m  the  vaJence  of  atoms. 

^■^  Tbcfie  are  two  weU-known  series  of  salts  of  mercury  and  copper 
Hia  wUdl  tbene  is  no  real  variation  in  valence;  hut,  owing  to  the  unit- 
Hiogtif  two  atoois  of  the  metaU,  each  loses  an  availabie  bond  or  point 
^LcfilMctioii.     Tlie  fc/lIo\iing  formulas  will  render  this  clear; 


^^'  Hg— Cl- 


yci 


.^,  Cu— CL 

CuC  k    and.    I 
^^'  Cu— CI, 


lo  other  au^^,  and  under  certain  well-known  conditions  which  we 
can  cootnji  in  the  bb/nitory^  the  atom  which  has  previously  existed 
u  a  djnd  suddenly  l>ccDmcs  a  tetmd,  or  a  triad  becomes  a  pentad, 

changes  are  always  extremely  puzzling  to  the  student^  and 

dweO  a  little  upon  them.     WTien  ammonia  gas  (NH,),  for 

is  ab9K)rl>ed  by  water,  it  combines  with  a  molecule  of  the 

mod   bcconws  Nll^OH.    If  we  represent  the  three  molecules 

[jr,  w€  have: 


-H  + 


Ncii  -  -"-Nil 


y\]- 


tjr,  w«» 
.: 
^^D  the  nitnigcn  iitirm  of  NH^OIL     A  large  number  of 
Htftctg^afe  luiawn,  and  thv  explanation  b  as  follows: 

TTfcf  fttU  valcncie  uf  nitnigrn  is  pentad.     In  the  compound  H^, 
ior  frtfup  tmknown  itasoDf  two  pole^  of  the  atonilc  ntagtiet  neutralize 

r 


&ren»  lv^x>  new  jKunLs  of  attraction  have  made  their  ap- 
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each  ather,  and  so  ihe  combining  power  of  the  atom  is  lessened  hy  , 
two.  This  increase  or  diminution  of  combining  power  aiwap  takes] 
place  in  pairs,  so  that  a  dyad  may  becxime  a  tetrad,  but  not  a  triad.  J 
A  monad  may  become  a  triad  or  a  pentad »  but  never  a  dyad  or  tctoiLJ 

Other  Signs  Used  in  Writing,— A  plus  sign  between  tmi 
formula-  indicates  that  the  substances  whose  molecules  they  reptesenEJ 
are  brought  together. 

The  minus  sign  indicates  that  the  molecule  foUowing  it  is  ab 
stracted  from  the  preceding  one.  The  sign  of  equality  is  used 
indicate  that  w^hal  follows  is  the  result  of  some  change  that  has 
place.  HCl  +  AgNO,  -  HNOj  +  AgCl  This  equation  showil 
that  the  molecules  represented  by  the  first  two  formube  hav^  bceiil 
brought  together,  and  that  a  change  has  taken  place  resulting  in  thfej 
formation  of  the  two  last. 

Compound  Radicals*— A  radical  or  root  of  a  series  of  con 
pounds  is  a  characteristic  atom  or  group  of  atoms  running  through! 
all  of  them,  like  a  root  in  language.  Thus,  the  interrogative  nxrti 
wh  runs  through  all  that  class  of  words,  as  who,  which j  when,  what, 
etc.  So  in  chemical  compounds  we  have  a  lai^e  number  of  potas- 
sium compounds,  in  which  the  atom  K  appears  as  the  characteristic 
atom:  As,  KNOg,  KCIO3,  KJOO^  KaSO^,  and  KCl.  It  is  there- 
fore called  the  root  or  radical  of  these  compounds.  A  single  atom 
whicli  forms  a  series  of  characteristic  compounds  is  called  a  simple 
radical*  In  most  inorganic  compounds  the  radicals  may  be  regarded 
as  identical  with  the  electrical  ions  (see  p.  59)— that  is,  the  radicak 
Gomposiag  the  molecules  are  believed  to  be  dissociated  when  the  sub- 
stance is  in  dilute  solution,  and  they  may  be  collected  at  the  opposite 
electrodes  by  an  electrical  currenl. 

Sometimes  the  radical  found  to  be  characteristic  of  a  seri^  of 
compounds  is  a  group  of  atoms  instead  of  a  single  atom.  Thus,  we 
have:  (NHJNO3,  (NHJCl,  (NHJNOj,  (NHJ^,  etc,  in  which 
the  characteristic  radical  is  a  group  of  atoms,  or  is  a  compound 
radical. 

A  compound  radical  m^y  be  rq^ardcd  as  a  group  of  atom$  which  ticbft^ts  like 
a  simple  radical  or  single  atom.  Like  the  single  atom,  it  exists  only  in  comhinalioo 
with  another  atom  or  group  of  atomSj  except  in  very  dilute  solutions,  for  its  bonds 
or  fioinia  of  attraction  are  not  satisfied  unless  it  be  in  combination.  Compotind 
radicals  or  Ions,  like  atoms,  may  be  positive  or  negative.  Each  compound  radind 
has  a  definite  valence*  like  the  atoms.  Some  of  them  have  received  arbitniry 
natncSr  which  may  or  mav  not  express  their  composition,  and  in  most  cas^  end  in 
yl  Thus,  (PO)^",  pho^phon'I;  (H-CW)',  hydmxyl;  (CO)",  carbonyl;  (CHJ', 
methylj  (C,HJ'»  ethyl;  (H^N)^  ammonium;  (CNV,  cyanogen j  (NH^)',  amidogen* 
The  last  three  are  exceptions  to  the  rule  as  to  the  ending. 

In  writing  the  formula  of  these  compound  radicals  they  may  be  regarded  for  the 
time  as  atoms  of  a  cum[>ound  nature^     If  we  wish  to  represent  that  several  similar 
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compound  radicals  rater  into  the  same  molecule,  we  inclose  the  formula  m  a  parcn- 
Uscsis.  and,  as  with  atoms,  use  the  numerals,  thus:  (Sli^)JCO^  Fc,(OH)o. 

VALENXE  OF  THE  MOST  IMPORTANT  IONS. 


MOSADS. 


Dyads. 


Triads. 


Tetrads.     I     Pentads. 


Pv-rioe. 


Oxvffcn,  . 
Sulphur,  . 


SwSer.       Ak 


hMma*mm 


O 

S 


iSulphur, 


HniTCicnH 


<  Nitrogen.  .   N 

Phosphorus,  P 
Arsenic,  .  .  As 
Boron.     .   .    Bj 
Antimony,    Sb  Carbon, 
•Silicon, , 


S  Nitrogen,  .  N 


Mercur>-, .  .  Hg 
C*4KKrr,  .  .  Cu 
Lead.  .  .  .Pb 
Cadmium,  .  Cd 
Colialt.  .  .  .Co[ 
Nickel,  .   .   .Nil 

Iron Fe! 

Chromium, .  Cri 
Manganese.  Mn 

Zinc Zn 

Magnesium  Mg 
Calcium.  .  .  Ca 
Strontium,  .  Sr 
Barium.    .   .  Ba 


CK)ld,  .  . 
Bismuth, 


Au  Platinum,.   .  Pt 

Bi  Tin,    .   .   .   .Sn 

(Iron,    .   .  .   .Fe 

Chromium.  .Cr 

Manganese,  Mn 


Aluminum, .  Al 


Phosphorus,  P 
Arsenic,  .   As, 


Hbxads. 


Sulphur, 


Chromium, .  Cr 
Manganese,  Mn 


aL\R.\CTERIS'HC  COMPOUND  IONS  WITH  NAMES  OF  COMPOUNDS 

THEY  FORM.  .  . 


M<.N\DS. 


N-S      NV.ratrt 

C-  ^  -,  ChK.rate* 

>••»      Nanti* 

•  •»      li .;-«.  hU'Titf* 

r>      I  OT,.d^» 
'■-Hji.       Airtatr^ 

'^•H,'»   -  Cartx'latrft 
^'tii  • »!   -  Lartatr* 
W"  ■  ii><ln»uid<-» 
*H,  ■»  Amm/mi-ain 

C«H,  -  Eih>l 


Dyads. 


Triads. 


SO4  ■-'  Sulphates .  _ 
Cr04  --  Chromates 
Ct«(>7       Bichromates 
S<)a   -  Sulphites 

<^V>«  -'  Oxalates 
CtH4()«   -  Tartrates 
(;«HtU»  -~  Malates 

I 
COs  -   Carbonates 


Tetrads. 


PO^  -  Phosphates  .  SiO*  --:=  Silicates 
AsOj  --  Arsenites  I  P-Oy  -^  Pyrophosphates 
As()4  -  =  Arsenates  |  FcCy«  —  Ferrwyanides 
BO,  -=  Borates 


Hgi  -t  Mercufoiu  Salts 
Cui  -  Cuprous  Sfths 


Q.Hi07     Citrates 


IIkxads. 


PcjCyis  --"  Ferricyanldes 
AU  -  Aluminic  Salts 
Crj  -»  (*hromic     ** 
Miij  --*  Manganic  ** 
Fci  =  Ferric         " 


In  the  fir>t  of  alx>vc  tiblcs  will  l>c  found  the  more  imiK^rUmt  elements, 
inaogcd  according  to  both  quality  and  quantity  of  combining  jxiwer. 
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i;c--c:-i-  -:  i-'c  :  -:   .:  "iie  ii:!c  ire  Lcciiive  tr.  all  below  them; 
:  -  ><•    .:  i.^c   S  ::  ~   ir^:  r« >;:/ e  :"    ill  :-bvve.     They  are  also 

— .-  - i.  --.  "^r-- i.  t:.  .  :-  ~c  j,zi^j.rir.z  in  r.vi..  or  e\Tai 

. , -"   -      «. -<     :'  •-'.--T   -Z^r.r-e   :r.  vi'xr.it.     Ln   ihe  seaind 

V       -    :  :-:  ~  n   .  -.n-  -  i:  -.:    ~  ur?     r  componnd 

-     ^     —    ...     ■    ■    .   -^-i:     -,-r  _.^  v.e  --.en:.-.!.-..     Ir.  rrcurd  to 

.  ..  -   ■       .  _  -  V      -^-^  -\Lr ^-.r   --zr-i--  :::_-  -s-i-Li  v.e  elenenlv 

'v;^*    --    C'-e=iicil   Ccnrcwrds.— T.-.Trt    :^^    :    —   i  nni.  in 
-  -  ^-  _      .-.-.-s:.  =>.   •  •  .r.  _r:  7-    :^r---:r-:  --•:  .h-r::Cter- 

^  J  -  .       -     -c-    -  -_::t:^.  ir-i  _?;:  .:  cr\r-:  _=«  in  clissify- 

-^        -     -^^  .-.    l._-n:r^  : -■  lit  f.l-.— jT^  ^nr-hl-c  f:niiulae 


\- 


C3 
C3 


--I    :.:-  -e  ait 


rr£ 


\ 


\a 
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types  may  be  formed  by  two  molecules,  or  parts  of 
fiokcnkst  being  tJound  together  by  a  bivalent  atom  or  radical  The 
IblipwiDg  Ane  ejcacnptes  of  condensed  types: 


\ 


C^ 


CO 


H— 0\ 
H— O/ 


N-H 
\ 
/ 

N-H 

or  L'rEiL. 


H  H 

HC  C  CH 


H<t  i 


^c/ 


CH 


^c/ 


H  H 

Naphfkukiic- 


aund  Molecules  Classified. ^The  system  of  nomenclature 
use  for  naming  chemical  compounds  is  based  upon  the  com- 
and  properties  of  the  bodies  in  question;  and  the  name  of 
body  is  intended  Up  express  our  idea  of  its  chemical  composition. 
Homogeneous  bodice  are  supposed  to  be  made  up  of  a  collection  of 
mHur  molecules;  hence,  a  formula  which  represents  the  composition 
off  ft  angle  molecule  really  represents  the  composition  of  the  mass, 
b  ftfiplyttig  a&BQi^  to  compounds,  we  apply  the  name  to  the  molecule 
1  as  to  ibc  mass. 

oad  molecules  may  be  divided  into  two  classes:  (i)  Binary 
as  ihoise  composed  of  two  kinds  of  atoms  or  radicals 
^firerUy  umtcd,  as  XaCl,  KBr,  MgCl^,  and  (NHJCl    {2)  Ternary 
as  those  a)m[K>sed  of  three  or  more  kinds  of  atoms  or 
ncBcftb,  soiDC  of  which  act  as  linking  atoms,  as: 

Blnaiy  molecules  may  exhibit  an  acid  or  a  neutral  reaction  to 
paper,  but  n<4  basic  pnipertirs.     The  neutral  bodies  of  this  class 
lie  itiual!y  called  binary  salts, 

TeroAry  molecules  are  di%'irled  into  acids,  bases,  and  salts. 

An  add  U  a  comfK^unrl  which  dissiKiates  when  in  solution  into 

I  po»itl%'c  hnlin^n  ion  and  a  negative  ion.     This  negative  ion  may 

be  diher  an  atom  or  a  compound  radical.     An  acid  molecule,  then, 

ipQsed  uf  a  neg;»live  atom  or  radioil  united  to  hydrogen 

'  dtrvrtly  of  by  a  linking  atom,  as; 

H— 0/ 

Acal^  u»iimllx  |joi»scss  a  ipour  lasle,  aci  ujkju  bises  to  form  salts, 
ay  mcfab  with  the  eliminatioQ  of  hydrogen  luid  the  for- 
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mation  of  salts,  and  change  vegetable  blue  colors  to  red.  The  dis- 
sociable hydrogen  of  an  acid,  or  that  which  is  replaceable  by  metallic 
atoms,  Ls  called  basic  hydrogen. 

The  basicity  of  an  acid  is  determined  by  the  number  of  basic 
or  positive  hydrogen  atoms  in  its  molecule. 

Acids  may  be  monobasic,  dibasic,  tribasic,  tetrabasic,  etc.,  ac- 
cording as  their  molecules  contain  one,  two,  three,  four,  etc.,  atoms 
of  basic  or  replaceable  hydrogen. 

Anhydrides  are  compounds  formed  from  acids  by  removing  one 
or  more  molecules  of  water: 

Thus,  from  sulphuric  acid,  H^SO^,  is  formed  sulphuric  anhydride,  SOj.  From 
tarlwnic  acid,  H-CO,  is  formed  carbonic  anhydride,  CO,.  Fn>m  nitric  arid, 
HNOy  is  formed  nitric  anhydride,  NjO,.  From  phosphoric  acid,  HjPO^,  is 
formed  phosphoric  anhydride,  PjOj.  From  arsenious  acid,  HjAsOp  is  formed 
arsenious  anhydride,  AsjO,,  In  the  last  lhrc«  examples  it  will  be  obscn'ed  that 
two  molecules  of  acid  are  condensed  into  one  molecule  of  anhydride. 

A  basic  molecule  is  one  composed  of  an  electropositive  atom 
or  radical  combined  with  hydro.xyl,  and  which  dissociates  in  solution 
into  two  ions,  one  of  which  is  hydroxyl  ( — OH).  The  basic  properties 
depend  upon  the  free  OH  ions.  The  strongest  bases  have  a  caustic 
action  on  animal  tissues.  They  react  upon  acids  to  neutralize  their 
acid  properties,  and  form  salts.  They  restore  the  blue  color  to  vege- 
table coloring  mailers  reddened  by  acids.  The  activity  or  strength 
of  a  base  is  dependent  upon  the  facilit}*  with  which  it  disscKiates.  The 
inorganic  bases  are  called  hydroxides. 

A  salt  is  a  compound  formed  by  the  action  of  an  acid  upon  a  base. 
It  is  a^mpi^sed  of  a  positive  and  negative  radicals  united  by  a  linking 
atom,  usually  either  oxjgen  or  sulphur.  Binary-  salts  contain  no 
linking  atoms.  The  salts  usually  dissi^ciate  into  two  ions — i.  r.,  they 
are  usually  electrolytes.  The  following  formula  represent  examples 
of  b^ises  and  salts. 

.OH 


KHO,  BaSO,.  Na,PO,,  (XHO— (NO,) 


KOH,  Ba<^_g  Bi~OH 


It  is  evident  thai  a  salt  may  be  formed  by  treating  an  acid  ^nth  a 
n\e:al.  which  replaces  the  basic  hydrogen  of  the  acid  with  metallic 

Nilts  anf  classinevi  into  normal  salts,  acid  salts,  basic  salts, 
,;:\:  double  salts.  A  nonnal  salt  is  formevl  by  replacing  all  the 
ivisic  hwirxyen  atoms  of  an  acid  with  an  electropositive  radical. 
An  acid  salt  is  fonned  by  replacing  a  part  of  the  basic  h^-drogen  of  a 
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'.  acki  with  a  positive  radical.    Acid  salts  are  frequently  calledd 
;  as,  bisulpha te  or  bicarbona t e  of  stxl ium.    Thus,  from  SHo > SO 
ft  nar  have  ^*ZS>^^*  ^  normal  salt,  and  H^rS>SO»'  an  acid  salt. 
A  dembk  salt  h  formed  by  replacing  a  part  of  the  basic  hydrogen 
ef  aoaod  with  one  kind  of  positive  radical,  and  a  part  wiih  another,  as 

A  basic  salt  is  one  in  which  the  properties  of  the  base  still  exist. 
Or  it  is  m  sail  formed  by  reacting  upon  a  base  with  an  insufficient 
laioimt  of  acxj  to  neutralize  all  the  ba^ic  properties.  Basic  salts  are 
iDSKtisses  called  snbsalts  or  oxysalts. 

Basic  aalts  may  be  of  two  kinds:  (i)  The  acid  radical  may  replace 
oriy  a  part  of  the  hydroxyl  of  a  base,  leaving  a  part  of  it  to  exhibit 
la^  ocoperlies.  (2)  On  treating  an  excess  of  a  metaJlic  oxide  with 
lA  aod  a  part  of  the  excess  of  the  oxide  may  combine  with  the  salt 
aod  produce  a  basic  salt.  Tliese  two  classes  of  basic  salts  are  shown 
h^  Ibe  foQowiog  fonnula*: 

Pb— O— (CjH,0) 

O 


Stiiiotihaaitt. 


Pturabie 
SubiccUte. 


Plumbu: 
Subocetate, 


The  mtnmcrdal  subsalts  are  seldom  of  definite  chemical  comjK)- 
Atim,  oftrn  Wing  niixlurfS  of  the  oxide  with  the  basic  or  normal  salt* 
l«d  and  blsnty^  are  lu*o  metals  espedally  liable  to  form  basic  salts. 


Mwmmg 


p 


irOMENCIATURE- 

of  Chemical  Compounds.— Rule :  Give  the  imme 
•f  tha  poaittTe  radical  first;  then  the  name  of  the  leading^ 
iffitive  atom  or  radical,  with  its  termination  changed  to 
H*  or  Ide  in  binanes,  and  to  ite  or  ate  in  ternaries,  ite 
teodng  tha  lower  and  ate  the  higher  valence  of  the  nega- 
Iffi  atom* 


•Tfce  final  #*  li^  '^g  r*f  tlif  namt^  of  the  binary  compouDdit,  la  rrcom- 

^,  Id  be  dfiijr,  nilr*  iif  the  Anictican  A9»OLmtson  for  the  Advjuicf- 

of  Sdtod^    IW  thcM!  Tuk%  »ec  Ap|:)cn(lLiE.    The  reasons  tor  retaining  the 
lyiffiif  la  ilili  cdititin  wilt  U  luund  in  the  Fida^* 


3duC«      *  laniTTT      "TTii:ni  ar  0!."r.riV,  —  bixujT. 

"i-jlr.        =s     *  lit  -iim     lrrrm«*  .x  nrr-rrBf^^ 

3ai*..    =  i3i"ntTTt    fuirnuK^  — temazv. 

\i  v:Il  >c  ,e-i  :ti  jis:«k±lti.  ^e  Tojenoc  oi  the  negath-e  atom 
:^  siiLiiasi  vr  -lit  ~  mpsimrivt*  xaaitz^Cf  ot  oiYgcn  which  it  holds. 
J  zi-jdLTT:  3.iS.'-j  lait  3a:5^r\.  ijs.\  XiXOj  aad  XaXO^  In  com- 
v-i.::xLr  ike  lie  iiili)wjij£, — ScCT^  ScCI,.  CuCU  CujCl,,  HgCl„ 
!ii;^J!^  ?•:•-"!*.  imi  F^i*^'^ — =v!H2re  rterc  axe  rm^re  than  one  valence 
.1  nt:  >j^icve  ixnu  ins,  eninnijF^  ovs  izd  ic  ire  used  to  distinguish 
:ntax.  :nui: 

fniJT,     as  -MOJimnur  'C-iinniie.  tfjad  ria- 

riitr.,     =  Smrmur  *         tstrad  tin. 

J-:»J1;     *  J'trrms  *         cfrid  rron. 

?-.J',   —  Itrrj:  **         ce craii  iron. 

'!S»'ien  in.T-  -rrarr  rv:  vileiices  ire  kisown,  we  employ  the  prefix 
3«r  X  iein:Ci;  i  -lj*:!!.-^  lijrier  ±az  ihxi  eii  rested  by  ic  or  ate,  and 
ilTpQ  X-  :en*.ui  i  "j:wi;r  ±aji  :fLj.c  exz-reicid  by  ons  or  ite.  They 
ITS  ;ri!L:;?i  lUti  x  r«:sit.ve  j.zii  -e'i:it:ve  ndicals, 

X.'-"'         =  XSTJUS  rxiii  :r  :-ifi:e. 

N\-\        =  N'rru:  7«fr:x3i  rr  tecrcifd- 

E-S^.\  =  Hjiir:^;!!  Svilpfcite  or  Sulphurous  acid 

B£y5*r\  =         "  Sulphite  Of  Sulphuric  acid. 

KCLO  =  Pociasiun::  Hyp»x-hIorite- 

HCI*>,  =  H}niro«e2  Chii>ritc  or  Chlorous  acid. 

KC1»>,  =     '    •'  ~       Chlorate  or  Chloric  acid. 

KClv.*^  =  Potatssiitsi  Perchlorate. 

C1,0  =  Hypochlorous  oxid  or  oxide. 

The  binary  acids  are  more  commonly  named  in  the  following 
manner- 

The  negative  atom,  with  the  prefixes  and  suffixes  usually  attached 
to  positive  elements,  is  named  first;  this  is  followed  by  the  word 
acid,  thus: 

HCl  =  Hydrochloric  Acid  for  Hydrogen  Chloride. 
HBr  =  Hi-drobromic  "  for  "  Bromide. 
HI     «H'>-driodic  "    for  "        Iodide. 

HyS  -"  Hydrosulphuric  acid  for     ''        Sulphide. 


NOUENCLATCKE. 


«9 


Tke  haaiy  aods,  above  mentiuned,  are  called  liydracids  to  dis- 
%ubJi  ihem  from  ibe  oxacids  or  teriiar>*  acids;  and  in  the  naming 
itf  than  the  prefix  hydro  is  used. 

Examples  or  Oxacids* 
HCIO   —  Hydrogen  Hypochiorite  or  Hypochlorous  Acid. 
HNO,  =         "         Nitrite  orNitious 

UC\i\  -         *•         Chlorate         or  Chloric  '* 

KNIJ,  =  '*  Kiiratc  or  Kilric  " 

HjSOj  ^         "         Sulphite  or  Sulphurous  ** 

HjSO.  -         **         Sulphate         or  Sulphuric  ** 

H/ii^  =  •'  Carboaaie      or  Carbonic  " 

tt  will  be  seen  that  each  of  ihe  above  adds  has  a  characteristic 

KgMive  grmip  of  atoms;    thus,  m  sulphates  we  may  always  expect 

Iht  gpoQp  SO/';   in  a  sulphite  we  will  always  find  the  group  SO^"; 

'  I  ft  oitntte,  NO,' ;    in  a  chlorate,  ClO^^',  etc.     These  groups  arc  the 

itivc  portion  uf  the  molcculcj  and  become  the  anions  in 

MlllltiijOS. 

^Utiiie  Simplified. — ^The  above  rules  of  nomenclature  may 

It  apfilied  much  more  easily  by  reference  to  the  table  given  on  page  ^i, 

Bjr  the  use  of  this  table  the  student  can  easily  learn  to  name  all 

€  nofc  common  compounds.     Let  it  be  desired,  for  example,  to 

me  the  f  '  formula:    CuSO^.     Cu  is  the  symbol  for  copper. 

We  mad  lo»  -  •  the  compound  ions  and  find  SO^  to  be  the  char- 

ion  uj  iili  sulphates.     The  name  of  the  formula  is,  there* 

Ifoft;  copper  s^ulphatc,  W  hat  is  the  formula  of  zinc  carbonate  ?  We  find 
Mc  amooft  the  dyads,  as  also  the  group  CO^  opposite  the  word  carbon- 
Ha.  Bolls  ihese  ions  are  dyads,  and  as  a  dyad  is  equivalent  to  a  dyad, 
liejr  w9I  combine  directly,  and  we  have  ZnCO^  as  the  desired  formula. 
Wlial  h  the  formula  of  sodium  sulphate?  The  symbol  of  the  sodium 
in  M  Nji:  it  is  a  monad,  while  the  SO^  ion  is  a  dyad.  Two  monad 
mi  *fr  etjuivaknt  to  one  dyad  ion.  Hence  Na^O^  is  the  formula 
of  mdkim  sulphate,  Ix*t  it  l>e  dctsiretl  to  know  the  formula  of  cal- 
tmm  pfaittplialr.  Here  we  wUh  to  combine  a  triad  w^ith  a  dyad  ion. 
To  ilo  80  we  mu<rt  double  I  he  triad  to  gel  an  even  number  of  bonds; 
•«  wmsA  take,  then,  three  atoms  of  calcium  to  get  sh  bonds.  The 
bmiQh  will  lhu%  l*c  Ca,(rOJ|.  What  is  the  formula  of  ferric  oxide? 
to  ttrnc  iftm  two  atoms  always  go  together  as  a  hexad  hm.  It  will 
'  liirre  dy9d%  to  siiturate  the  hcxiicl,  and  we  liavc  Fe^O^.  Stannous 
►nrfllharr  thr  formula  SnCI,;  stannic  chloride,  SoClj;  merctiric 

»€tAk,  Hgt>:  m*  xide,  IlgjO;  and  cuprous  chloride,  CujClj. 

Examples  l<  ice.  -We  intriKlute  nere  a  series  of  furmulu: 

|nr  piacticr  in  moment ia lure,  with  corresfionding  names  in  columns 
Mdw«  The  numben*  op|Ktsile  the  formula:  will  be  found  oppo^t^ 
dir  canapoiiding  names  below. 


QC 


N  >      -> 


.-:  KCv 

•i:  SrCO, 


49  FeXl, 
5=  PtCl. 

51  AuCl, 

52  MnO, 

53  IL»MnO, 

54  Bi;NO,:, 
s^  MnSO» 
Vo  PbSO^ 

?7  CuCJlfiX 
is  Cd.CJi,0.n 

60  ¥tjCMfi,)i 

t2  Nals'.i)- 

;.r  KMnO, 
C4  K,C7  0. 

CO  CdSO, 


i.>-;um  Bromide. 
1  Chli)riue. 
r.:  Chloridf. 
:Lt1:  Chioriiii-. 


ir.iT.iriv:  Oxide. 
:«>.-:  u~  Mangdrjlc. 

•  >  r  A.  elite. 

_  ._-  A.erate. 

— .:  \.vf:j:c. 
•_  _—  Pi T^-!:  hate. 
1  _~  r;.T---il:.haie. 
:_->;«—  rtm-'anpan- 


v:^-r  N^ili:-. 
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inmnliritiet  in  Homenclflture. — In  manj  medical  unc!  pharmacctitical 
cbtfar  oM  srj'le  of  making  the  negative  precede  the  posiitive,  with  the  prefjosiiiijn 
if  kitmta  lihci,  b  siill  used.     In  this  case  per  is  used  in^iead  of  ic  or  ate,  and 
I  ot  ite^or  out.    These  irreguiartties  ate  obsolete. 


Examples. 


&ia 


—  SUumk 

—  Fetric 


OLD   I^Alf£< 

or  Frotorhioride  of  lin. 

or  Pcrchloride  of  tin. 

or  Pcrchloride  of  iron* 

or  Persulphate  of  iron. 

or  Per-  or  Sesquioaddc  of  iron, 

or  Proljodide  of  mercury. 

—  **  Chloride  or  Protochloride,  mild  chloride,  or  calomcL^ 

—  Mdoiric  Chloride    or  Bichloride,  corrosive  sublimate, 
-=  "       Oxide         or  Red  ojude  of  mercury. 
«*  MerciiFuua  Qjdde      or  Blai  k  oxide  or  {iruloxide  of  mercUfy* 


J«^SOJi  -     "     Sulphate 


V  McToiious  Iodide 


»r  flmto-  foHi  of  mm  arc  the  ferrous  salts,  while  ihe  per-  salts  are  the 

MIS. 
The  iniea  of  the  alkaline  metak,  the  eimhs,  aod  the  alkaline  earths  are  aome- 
9  aamcd  am  fottonra: 


Pdfi^  All 
iK>     Strotntk. 


writrrs  fume  ihcifv  oiddrs  of  the  won-metailic  deraenU  which  dissolve 
r  to  fcicm  adds  as  tlvmgh  they  wefv  formed  from  the  acids  by  abstracting 
t  saolnrulrs  of  wjiter. 


ISO, 


CaO 
Na|0 


Lime. 

Potassa  or  Pi 
Soda- 


lash* 


1 


is  named  Sulphurtous  Anhydride. 

*•  Carbonic 

**  Nitrous  ** 

"  Nitric 

«  Phosphoric 

^  H,0  *  H^O,    »  Sulphurous  Acid. 

>  11,0  -  n,CO,    «  Cjirbmic 

H/>  -  iHNO,  *.  Niirii 


*f  ilLo  -  3fi,PO;  -  Phosphoric 
4-  ll/l    -  HjSD,    «  Sulphuric 

with  ftome  ay  theirs  to  use  the  numeraU  df,  tri  or  ler» 

,  tail  pentm  Id  iodkale  iht  numVier  of  atoms  of  the  element  lu  whf»t^  n;imc  i!i€ 

Ibpfciied* 

or  Btftwlphide  of  Iron* 

'   '  "  le  of  Iron. 

ulfihidc  ot  Imti. 
.      iw^ylphiiieof  lr«im 
.  I  ^irbonlc  Anhydride. 


likjfl-  li:  of  Ml 


99 


MEDICAL  CH£M1ST1¥. 


A  few  compounds  are  known  by  names  which  do  not  express  their  compookkiii.  | 

Thus^  H,N  Ammoma. 

CN    Cyanogen  (smbol  Cy)* 

HjSb  A ntimono retted  Hydrogen  or  Stibiiu 

HjAs  Arse  nu  retted  "  or  Ardn^ 

H^    Sulphuretted  *'  or  llydfosulphuric  Acid. 

H,P   Pho^phoretted  **  or  Ph^^phia. 

H^C  Light  Carburetted    '*  or  Mar^h  Gas- 

H^Cj  Hea\7  Carburetted  *'  or  Olcfiant  Gas. 

A  glossary  of  obsolete  and  popular  names^  and  those  of  uime  chemical  cos- 
poiuids  only  occasionally  met  with,  will  be  found  in  \hc  Appendix, 


r 
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CHEMICAL  REACTIONS  AND  EQUATIONS. 

A  chemical  reaction  is  the  muttial  actian  taking  place  between 

two  substances  on  being  brought  together.  Ionization  usually  takes 
place  before  the  reaction^  The  reaction  consists  then  in  a  union  of 
dissociated  ions.  A  reagent  is  a  body  which  is  added  to  another  to 
cause  such  a  change.  When  a  jcl  of  coal-gas  is  burned  in  the  air, 
the  reagents  are  the  gas  and  the  oxygen  of  the  air.  The  results  of 
the  reaction  are  light  and  beat.  The  products  of  the  reliction  are 
the  watery  vapcjr  and  carbon  dioxide  which  are  produced.  The  factors 
entering  into  the  reaction  are  oxygen  and  the  compounds  which  com* 
pose  the  gas. 

All  materiaJ  bodies,  under  certain  condidons,  may  undergo  marked  changp:^  in 
properties.  As  the  physic  ial  pro|.iertics  of  bodies  depend  upon  the  prnpertie*  of 
their  molecules,  any  great  change  in  these  properties  must  aefjend  ujxm  a  corre* 
sponding  change  in  the  molecules.  In  a  homogenous  mass  of  matter  all  moteeiiSes 
are  alike;  and  any  chemical  change  which  we  are  able  to  produce  in  one  molecuk 
of  such  a  mass  may,  with  certainty,  be  produced  in  alL  HcnceT  by  representing 
the  changes  which  take  place  between  two  dissimilar  molecules,  we  do,  in  reatityt 
represent  the  changes  taking  place  between  the  masses  of  which  these  molecules 
fonn  a  part-     It  is  upon  this  principle  that  we  represent  chemical  changes  to  the  tyt:. 

Reaction  Velocity,— While  all  material  molecules  are  more  or 
less  liable  to  undergo  chemical  change  by  the  action  of  external  agen- 
cies, some  do  so  very  readily,  while  others  resist  such  change  with 
considerable  tenacity.  Chemical  reactions  arc  favorcxl  by  anything 
that  lessens  cohesion,  promotes  dissociation!  f>f  favors  the  free  move- 
ment of  the  molecules;  as  solution,  pidverization,  percussion,  tritura- 
tion, heat,  hght,  and  electricity. 

Reaction  between  solids  is  alw^ays  slow,  and,  in  many  cases,  entirely 
wanting,  If  the  s^^ilids  are  brought  together  in  stilalion,  the  reaction 
takes  place  more  rapidly;  if  volatilized,  still  more  rapidly.  Reactions 
between  gases  usuaUy  lake  place  almost  instantaneously  throughout 
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in  many  cases,  with  an  explosion.     Heat  usitanv  in- 
^vcU>city  of  chemical  action^  and  cold  retards  It.     Light 
kinds  of  chemical  change,  but  dr»es  not  affect  all.     The 
t  onnpleldy  the  substance  is  dissociated  into  ions,  the  more  rapid 
ill  die  ttactioti.     Reactions^  in  the  laboralor}^,  are  generally  conducted 
When  the  bodies  are  soluble  m  water,   that  liquid  is 
IpnetmUy  selected;   if  not,  some  other  solvent,  such  as  ether,  alcohol, 
cUnrnfcrm,  etc.,  is  employed- 

Ibc  Laws  of  BertlioUet^— When  two  or  more  substances  are 
buKSgbt  togielhcr  in  sijluiion  the  action  that  will  tike  place  depends 
kfplj  up*>n  the  following  conditions,  first  formulated  by  Bcrthollet: 

i<  Wlien  two  or  more  substances  are  brought  together  in 
fotatioQ,  if  by  any  rearrangement  of  the  atoms  a  product 
cm  be  formed  which  is  insoluble  in  the  liquid  present^  that 
nkstaace  will  form  and  separate  as  a  precipitate. 

2,  When  two  substances  are  brought  together  in  solution, 
If  a  gaseous  body  or  one  that  is  volatile  at  the  temperature 
if  tbe  experiment  can  form,  it  will  form  and  escape  as  a 
Eu  nrvftfior. 

,^BaCI,  +  Na-SOj  ^  ?     By  a  rearrangement  of  these  atoms,  ac- 

to  the  (iriiicipt»  suited  on  pajgc  Sg,  there  can  only  form  Ba50|  and 

The  Ijiiff  iA  iheac  is  soluble  in  wnier,  while  the  former  is  not;  hence. 


n 


^^^Vm  &om  hm%  apply  to  reactions  forming  insoluble  or  %olatile 
lalittaiico  only.    The  following  applies  to  soluble  non-volatile  sub- 


Tc  fiTim  this  mixture, 

f  IL^    Hcje,  by  changing  the  pkccs  of  the  two  positives, 
Ukv^  Atid  cic&pcs. 


two  acids  Ib  solution  are  made  to  act  upon  one 
Ibsb,  or  two  bases  upon  one  acid,  to  produce  soluble  uon- 
foUtite  iuhstances,  the  base  in  the  first  instance  divides 
itKlf  between  the  two  acids,  or  in  the  second  instance  the  acid 
Si  dhrided  betwteo  tbe  two  bases. 

D  k  «tlftyyird  when  the  rtAt  tion  corner  to  an  end.     Very  many 

vlilcli  tMke  pUcv  in  s<jl(itkni  art  ttvcrsShle — i,  e.f  they  Lake  place  in  both 

iooft.    Thyift*  if  ^pe  mi*  tugethcT  ethyl-acttate  and  water,  ethyl-alcohol  and 

aM  msr  firodiKtd.     If  wr  mix  acciJc:  acid  and  ethyl -a  IroboUeihyf -acetate  and 

air  foTDQcd.    SutJi  n^iacdona  arc  sjiid  to  be  reversible  reactions  and  arc 

Et^hARtite.  fthvU  Acietlc  Acid. 

W^n  eqttltftiHttin  i*  cstabllitied  in  the  abivr  t  ;i^c,  vvhit  hever  mljEture  h  madep 
t  vJS  be  pvcarni  tbe  loitf  >ubstjittce&,    Thiit  i^,  tS  a  sfjlution  of  Eodium  hy- 
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dioidde  be  treaied  with  ^n  eiccss  of  niiiic  siM  hydwchloric  acids,  both  sodium 
niti^lc  ajad  chJcrride  are  produced;  or  if  sulphtiHc  add  be  treated  with  a.  miM^x^  of 
sodium  and  potassium  hydfoxidcs  more  tMn  suffident  to  saturate  the  acid,  both 
sulphates  ^te  pnxluced.  The  quantities  of  each  sati  produced  wUl  depend  upon 
the  relative  quantities  of  the  two  adds  or  two  bases  prcst^ni,  and  upon  the  Vda- 
tive  affimties  between  the  acids  and  bases. 

In  diluted  solutions  of  the  above  compounds,  niirk  and  hydnochlork  adds 
were  found  to  be  the  stitjagest  of  the  nunenll  acids^,  while  hydrobromic,  hydtiodic, 
sulphuric,  phosphoric,  oxalic^  and  acetic  adds  follow  m  the  order  named.  The 
avidit>'  of  nitric  and  hydrochloric  acids  for  sodium  was  found  to  be  twice  that  of 
sulphuric  acid,  or,  wb^  sodium  sulphate  is  treated  with  excess  of  nitric  ad4  the 
foUos^iag  reaaion  talues  place:  ^^ 

sN^^O^  +  4HNO,  ^  Na^O^  -h  aNaNO,  +  H^SO^  +  ^HNO^  ^ 

Chemical  Equations.— Matter  is  indestructible.  Therefore  there 
can  be  neither  loss  nor  gain  in  the  weight  of  the  matter  taking  part 
in  a  reaction*  The  sum  of  the  weights  of  the  factors  entering  into 
a  reaction  must  be  equal  to  the  sum  of  the  weights  of  the  products 
coming  from  it.  Hence,  if  we  write  the  sum  of  the  formuL^  of  ilie 
factors  equal  to  the  sum  of  the  formulae  of  the  products  of  any  reaction^ 
it  must  always  form  a  true  equation.  In  writing  representations  of  ^^ 
chemical  reactions  the  student  should  obsen'e  the  following  rules:         ■I 

1.  To    write    chemical    eqtxatiozis,  place    the    formulse    of  ™ 
the  factors,  connected  by  a  plus  sign,  equal   to  the  fonnulBe 
of  the  products,  also    connected    by  a   plus  sign.    Now   take 
such    a    number    of    molecules    of    factors    that    only  whole 
molecules  can  be  produced  in  the  products. 

2.  Positive  ions  or  radicals  combine  with  negative  ions 
and  not  with  positive. 

5.  Every  member  of  the  equation  must  represent  a  whole 
molecule  or  a  number  of  molecules, 

4.  The  valences  of  the  atoms  and  radicals  must  all  be  sat- 
urated according  to  the  rules  laid  down  under  valence,  on 
page  79' 

5.  An  acid  and  a  base  can  not  exist  in  the  same  solution. 
They  are  incompatibles^  and  neutralize  each  other, 

6.  The  strongest  acids  generally  select  the  strongest  bases, 
except  in  cases  where  this  Is  modi  fled  by  BerthoUet-s  laws.  Com- 
pound  radicals,  as  a  rule,  remain  as  such  in  the  products. 

Illustrative  Exa^lples. 

+  —  +  — 

AgNO,  +  NaCl^{?) 

Silvrr  Sodium 


We  first  determine  which  are  positive  and  which  are   negative  iona. 
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mtttsh  &m  positive!,  itnd  tlic  Bon-nieULUic  ions  ^r^  Dcga^tivej  as  indicated  by  ilie 
«^gD&  above  ih'c  symbols. 

We  oeM  cAtBe  the  positive  tons  to  cjcchang^^  places,  whence  wv  have  ArCI 
andNaNO, 

On  referring  to  the  table  of  vttlenccs  (p.  S3),  we  Had  all  thase  ioo^  lo  be  monad, 
and  tbotfon  di^nkal  equiv^etits. 

Tbc  completed  equatba  will  tiicrefoTe  be : 

Na  CI 


AgNQ, 

SIIt 


Sodhun 
Chkmde. 


AgCl 


+     Na  NO» 


Ca  CI, 

Cakiuin 
Qikride. 

3Ca  O,     + 


+     sAg  NO,     =     2Ag  CI     + 


2Na^O, 


Ca^POJ, 

TVialdum 


Ca  (NOJ^ 

Caldum 
NUnlc* 

+     6Na  CL 


Hbst 


ft 


Examples  tor  PkAcricE, 
Complete  tbe  fgOowing: 

1,  ?Ag  fNO^)  +  H5S  =  ? 

2,  Pb(N^O^)s+  H^  - 

3,  HjCSO^)  +  CaO,H,  = 
4*  KI  +  Ag  NO,  = 

5.  Fe  Cl^  +  aKOH  = 

6,  Fe,C1^4  6KOH- 

7.  Ni  (NOJ,  +  Na^  - 

8,  Mg  §0*  +  3(NHJ  OH  = 
g*  Ba  CL  +  Na,  SO^  = 

10.  Bi  CI,  +  H,0  -  Bi  OCl  +  ? 

11.  Fb  (C,H,Oj),  +  Hi  SO^  = 
tt.  Ba  CI,  +  (NHj,  CrO^  ^ 
15.  XXCOj+  2HCI  =- 

14.  Cu  SO^  +  sNaOH  = 

15.  Hg,(NO^),+  2NaCI  = 

16.  Mg  SO,  +  H  Na^O,  +  NH^OH  ^ 

Stochlometry. — Chemical  symbols  represent  definite  weigbts,  or 
itomic  weights.     Chemical  fonnuli]e,  therefore,  enable  us  to  calculate 
e  f*eaenlage  of  any  ingredient  in  the  compounds  they  represent; 
or,  from  chemical  equations,  we  may  caloikile  the  weight  of  any  sub- 
stance required  by  any  given  process,  or  the  exact  amounts  evolved 
bv  IL 

These  calculations  are  all  based  upon  the  atomic  weights.    The 
t  step  in  any  such  calculation  is  a  correct  statement  of  the  problem 
in  the  form  of  a  proportion. 

The  molacular  weight  of  caldum  carbonate^  CaCO^  is — 

(C  *-  is)  4*  (O,  -  4S)  +  (Ca  -  40)  ^  100.    (Sec  Uhle^  p.  71.)* 


*  We  vaa  hen  appcoximate  alomlc  weights  instead  of  the  exact  weights. 
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On  inspcclion,  we  sec  lh«t  ^^q  of  Ihc  whult  quaniity  is  calcium,  ^j^  ^bon, 
and  ^oxygen. 

Let  it  be  desired  to  cAlctilaLu  the  quantity  of  hydrogen  in  one  part  of  water;  . 
formula,  H3O; 

(H,  -  2)  +  to  «  16)  -  18, 
-ff  ^  Hydrogen,  (j  «  Oxygen. 

Stated  in  iht  form  of  a  proportion,  this  would  bciSs2::i:^  —  J,     In  any' 
proportion  J  the  fourth  term  must  bear  the  same  relalion  tu  the  third  tiiat  the  sccoad 
does  to  the  §n»t. 

What  is  the  percentage  of  calcium  and  o^gen  in  CaCQj? 

Since  percentage  means  parts  In  loo,  the  first  problem  wouJd  be  stated 
follows: 


CaCO,  :  Ca  : 

100  :  40  ] 


:  100  : 
I  100  : 


VWP  =  40  parts  in  too  parts,  or  40  percent 

Thc5 


In  other  words,  calcium  carbonate  contains  40  per  cenU  of  caldum. 
calculation  may  be  made  for  oxygprii  as  foUows: 


CaCO, :  O, : ;  1  :% 

100  :  48  :  :  100  per  cent. 


3t  «  48  per  cenL 


If,  itistead  of  percentage,  we  desire  the  amount  in  ten  parts,  we  substitute  leu 
for  iQo  in  the  third  term  of  the  equation,  thus:  100  ;  48  ;  :  10  ;  4.8  parts. 

The  fourth  term  of  such  an  equation  will  always  be  of  the  same  denomitial 
&&  the  third. 


ilaaH 

the" 


From  the  above  we  easily  deduce  the  following  rule  for 
Statement  of  such  problems:  As  the  formula  of  the  substance 
given  is  to  the  formula  of  the  substance  required,  so  is 
the  weight  of  the  substance  given  to  x,  the  weight  of  the 
substance  required.  Reduce  the  formulae  to  their  numerical 
equivalents,  and  find  the  value  of  x. 

When  three  terms  of  an  equation  are  given,  the  fourth  may  be 
found  by  multjpl}nng  the  two  means  (second  and  third  terms)  and^^ 
dividing  the  product  by  the  given  extreme.  ■ 

In  calculating  the  percentage  of  any  ingredient,  by  the  above  rule, 
the  weight  given  is  understood  to  be  100,  for  percentage  means 
parts  per  hundred. 

Calculations  based  upon  a  reaction  may  be  illustrated  as  follows: 

Problem — How  much  sulphate  of  zinc  can  be  prepared  from  ten  gtatns  of  zie 

Reaction.— Zn  +  H^SO^  =  ZnSO^  +  H, 

Statement. — Zn  :  ZnSO^  1 1  10  ix  

Numerical  statement.— 65  :  (65  +  33  -f-  64  —  161)  :  :  10  ;  x 
Solution. — 161  X  10  =  r6ro 

1610  -f-  65  ^  24.$,  Ans.  in  grams. 

Problem.— How  much  NaNOj  will  be  required  to  make  one  pound  of  HN0^2, 
Equation —NaNO,  +  HjSO^  ^  NaHSO^  +  HNO^ 
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Hie  onlf  irnm  of  ihis  eqiiiition  conccrnt-d  in  the  problem   are   NaNO*  ; 
H?«<  ^  the  btler  bdag  ihe  substa  ate  gi  vcn. 

StaietocnL— HNO,  ;  NaNOj  ;  :  j  :  x  poands, 
Kuamoil  sutrmcm.— ^j  :  85  : :  i  ;  x 

S5  -t  63  «  t.55  pounds  of  NaNO, 

Cilnibtioiis  involving  gaseous  bodies  require  a  knowledge  of 
tie  fdatiom  between  volume,  weight,  and  density.  The  following 
nktiom  are  the  basis  of  such  calculations: 

I.  All  gaseous  molecules  have  the  same  volume.  (See 
p^  13.)  Every  formula  of  a  gaseous  molecule,  therefore,  represents 
•  rfe^mite  volume,  as  well  as  a  definite  weight, 

t.  The  density  of  a  gas  is  one-half  its  molecular  weight,  and  the 
deuities  of  any  tw*o  gases  are  to  each  other  as  their  molecular  weights. 
'  fptge  It.) 

HyiUogeo  gis  Is  the  unit  of  densities.     The  weight  of  one  liter 
dfogen  at  o°  C»  and  760  mm»  pressure  (standard  conditions), 
sii  thr  crith,  h  o,o$99  gram. 

to  fimi  tlic  weiglit  of  one  liter  of  any  gas  multiply  its  density  by 
jj^t  o(  one  liter  of  hydrogen,  or  the  crith.  The  result  is 
'  tlitvei^t  in  grams.  To  find  the  volume  of  any  weight  of  a  gaseous 
'  haif  dnrkle  the  n-ci^ii  by  the  calculated  weight  of  one  liter.  The 
:  B  tbe  voliane  in  liters. 


Examples  for  Prattice. 

^1^  \l,w  mjt  h  FtSO^  ran  1»  made  from  one  kilcjgram  of  iron? 
B.  Hitm    mu<  it    niftiury   will  be  rcquind    to  Ttiake  one   ptiund   of  calomel 

>  CaJi  cUiu  ihtr  prfccDtagr  of  each  clement  in  the  following:  RBr,  KI,  HgCl, 

ivA 

ttmtc  can  Ijc  obtained  from  too  grams  of  silver? 
of  nnr  kihr^Tixm  of  CO,  under  itaminni  tondtUons? 
■    '■■>.(  riil*irinc. 

I  ry  to  preimfc  one  kilogram  of  subnitr^te  ? 

<i<in  *>f  C'^UijOj. 

itc  wilJ  be  reqmred  to  nriilmUisc  five  CjC. 

jIICI  +  Na^CO,  -  iNaa  +  1I,0  H^  CO^ 

Wittt  «ejghl  attfl  what  mtume  of  CA\  will  lie  gi vrn  uH  in  Uie  above 
i? 
n.  Amamitm  thmi  m\t  tontafti*  iwmty  ficr  rent,  bv  vnlumc  of  oxygjtn,  wh^t  ^ 
^BMf  «lr  wOTln*  fi^uirv<l  lo  bum  one  gmm  of  inar^fi-fE^  (CHJ  ? 

CH^  *-  HI,  *  CO,  -f  all,0. 

VVkit  wt'ij'tt  *  f  XaOII  will  neutralUc  i  gram  of  HCl? 
CAkiiUrr  the  it^JJ"  mt>lc<:tile  ol  M^l\     (Sc-c  p.  61.) 
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14.  How  much  zinc  will  be  required  to  prepare  enough  hydrogen  to  fill  a 
balloon  holding  500  liters  ? 

Zn  +  H2SO4  =  ZnSO^  +  H^ 

15.  Calculate  the  volume  of  oxygen  and  hydrogen  in  i  c.c.  of  water  (HjO). 

16.  What  volume  of  oxygen  will  be  required  to  bum  5  c.c.  of  benzene?    (Sp. 
gr.  of  benzene  «=  0.884.     Formula  =  0^11^.) 

2CeHe  +  15O,  -  12CO,  +  6H,0. 


PART  Itl. 


INORGANIC  CHEMISTRY. 


Classification  of  the  Elements.— For  convenience  of  study, 
grstem  of  classificatioti  of  the  elements  b  necessar>^  Many 
'kfSimxis  of  classification  have  been  proposed,  but  all  are  open  to  criii- 
dsm;  yet,  we  may  adopt  one  of  these  with  the  understanding  that 
the  dakiAcation  is  largely  an  arbitrary  one,  and  serves  merely  for 
amvcnience,  Berzelius  was  the  first  to  divide  the  elements  into  two 
great  classes,  to  which  he  gave  the  Dames  metals  and  metalloids. 
The  metals  are  those  elements  which  possess  more  or  less  luster  and 
opacity,  readily  conduct  heat  and  electrritiy,  and  are  electro- 
positire  in  combinations. 

The  non-metals,  or  metalloids,  are  such  as  are  gaseous;  or,  if  solid, 
haTe  no  luster,  ductility,  or  malleability;  are  poor  conductors  of  heat 
and  electricity,  and  are  electronegative  in  combinations. 

Tlib  divisJofi,  while  it  scrvies  a  general  purpose,  is  not  capable  of  ejiuct  appU- 
fAtiwi-  for  thier^  arc  g,  number  of  the  elctnenls  wtuch  are  pCMitivie  in  one  com- 
trilfcitifm  and  negative  in  another.  lodmc  and  arsenic,  which  most  chembts 
renid  13  meLoJloid^,  have  a  decided  luster,  and  the  latter  fonns  alloys  by  fusion 
wtfli  the  vet^;  imioclT  thete  is  no  line  of  demarcation  bel^wcen  these  two  classes 
whidi  am  be  iv^&rded  as  fixed. 

Same  diasificatioii  Is  nect^saij  which  b  not  based  upon  the  physical  proper- 
ties akiQt,  but  upoti  their  cJiemical  properd^^  t  a  cla^fication  which  brings  together 
tlliQce  ^eioents  which  have  similar  chemical  properties  and  ^milar  compounds 
iritk  ticher  elemems,  thus  enablmg  the  student  better  to  associate  the  facts  of  each 
wysfikiwL 

Ttere  arr  iwo  important  chemical  characters  upon  which  most  attempts  at 
rltiriftrailion  of  the  elements  inio  groups  have  been  basi-d — vUr.^  valence  and  elec- 
trical potaiity  of  the  atom*.  By  a  consideration  of  both  of  these  properties,  ihc 
iJuiM-ClCS  may  be  grouped  so  as  to  bring  simIl:iT  elements  together. 

The  hdttvior  of  the  o^des  of  the  elements  ^ith  water  may  be  taken  as  an 
mda  of  Ibesr  polarity.  Electronegatives  di^olve  in  water  and  form  acids,  while 
tJectfUfJGEiti're  form  bas^«  and  some^  again^  play  a  neutral  or  double  r5ie, 

■etidelejeff's  Classificatioii  of  the  Elements.— The  most 
foccessful  attempt  to  find  ix  natural  system  of  classification  of  the 
efemcnts  is  the  one  fin»t  proposed  by  Newlands  and  afterward  de- 

9^/ 
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veloped  by  Mendclejeff,  and  is  the  only  natural  one  in  use.  It  is' 
based  upon  the  atomic  weights,  and  is  sometimes  known  as  the 
periodic  law.  If  a  list  of  the  elements  be  made,  arranging  them  in 
the  order  of  their  atomic  weights,  from  the  lowest  to  the  highest,  the 
first  seven  (after  hydrogen)  will  be  found  to  be  representative  of  seven 
groups  of  similar  elements.  (See  table,  p.  loi.)  Let  each  of  the^ 
seven  elements  head  a  column,  and  arrange  the  rest  under  thcra  in  ihe 
order  of  their  atomic  weights,  in  series  from  left  to  right.  We  notice 
that  those  elements  resembling  one  another  in  their  chemical  prof>er- 
ties  will  be  found  together  in  the  vertical  columns.  It  will  be  noticed 
that  the  metals  are  near  the  bottom  of  the  table,  while  the  nun- metals 
are  at  the  top.  In  Mendelejeff's  original  table  there  are  seven 
vertical  columns,  which  are  called  the  seven  groups.  There  are  twelve 
lateral  mws,  which  are  called  series,  or  small  periods.  If  thc^ie  lateral 
row*s  or  series  be  numbered,  it  will  be  noticed  that  the  members  of 
the  alternate  numbered  series  of  a  given  period  resemble  one  another 
more  nearly  than  the  adjoining  numbered  ones. 


Thus  in  the  first  group:  Li  =  7,  K  =  39*  Rb  =  S5,  Cs  —  133,  t^semble 
aiiOlher  more  nearly  than  Na,  Cu,  Ag,  Au.  U  will  he  noticed  that  hydrogen 
tLminged  in  the  fit^t  jx^rirxl  as  the  only  one  of  that  period.  The  X^hlc  h  huperft 
in  some  cases,  but  in  the  main  it  brings  tog^thtr  elements  which  form  well -de  fi 
natural  gruups.  As  an  ejcample  of  such  ^i  gnjup^  lake  Nus*  2,  3,  5,  and  7  of  Group' 
VII.  With  tile  increa^  of  atomic  weight  they  increase  in  specific  gravity  and 
consistency.  Of  the  group,  fluorine  Is  stmngly  electronegative,  while  cblorine^ 
bromine,  and  iodine  grow  less  negative  as  the  atomic  height  increases.  They  all 
form  acid  hydrides  containing  one  atom  of  basic  hydrogen.  They  all  pos^c^  Jt 
peculiar  and  somewhat  similar  pungent  odor.  They  all  have  the  leading  valence 
of  one,  while  Ihe  last  thrce  have  a  higher  valence  in  certain  ojcygen  compounds-. 

While  thert?  are  certain  striking  groups  brought  together  by  this  arrBngemcnit 
them  are  some  irregularities.  Thus,  thcR*  is  no  series  in  which  hydrpgen  finds 
a  place.  In  making  this  element  a  p-eriod  by  itself,  the  last  four  members  of  tht^ 
second  period*  C,  N,  Oj  and  F,  are  made  even -numbered,  which 'remo^'cs 
from  the  others  of  the  same  group  which  they  most  nearly  resemble.  Even 
these  imijcrfections  the  table  ifi  an  attempt  to  classify  the  elements  upon 
natural  basis,  and  has  enabled  Its  author  to  predict  the  discovery  of  at  least 
new  elements, — vix,,  gallium,  scandium,  and  germanium, — and  describe  their 
properties,  years  before  they  were  discovered.  This  he  was  led  to  do  fitjin  tJK 
vacant  places  in  the  table. 


in  ihO^ 


As  hydrogen  stands  alone  in  the  table»  we  shall  study  it  first. 
helium,  neon,  krj^ton,  and  xenon,  the  new  elements  found 
atmosphere^  form  a  group  by  themselves,  which  is  name<l  the  zero  gn«iip. 
It  will  be  convenient  to  retain  the  classification  into  metals  and  non- 
metals.  The  non-metals  will  be  studied  first,  beginning  with  those 
of  the  seventh  group,  and  taking  the  odd -numbered  series  below  the 
second*     The  order  in  which  the  elements  will  be  studied  is  the  Co 
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I02  MEDICAL  CHEIOSTRY. 

lowing,  with  the  omission  of  those  whose  symbols  are  in  italics^  as 
being  of  h'ttle  interest  to  the  medical  student: 

NON'-METALUC   ELEMENTS,    OR   OdD  SeSIES. 

H.     He.  A.      Kr-    Nc 

Sevrnth  (irnup F.     CI.  Br.     I. 

Sixth  ••      O.    S.  Se.     Te, 

Kifth  "      N.    P.  As.     Sb.     BL 

Fourth        "      C.     Si.  Ce.     Sn.*  Pb.» 

Metals. 

,..    ,       ,,     ..  (Li.    Na.  K.      Rb.    Cs. 

rirst       (iroiip, <  >-,       .  . 

' '  C  Cu.  Ag.  Au. 

•'^-'        "      {Mein":  Cd.     ^. 

™^<'    •'  ilka.  ]'::  t  Vl: 

Fourth        "      Ti.  Zr.  Ce.     Th, 

Fifth  "      V.    Nh.  DL     Ta, 

Sixth  "      Cr.  Mo.  W.      U. 

St'VtMith       *'       Mn. 

Ki^hth         '      Fe.  Co.  Ni.  Ru.  Rh.  Pd.  Os.  Ir.Pt. 


GROUP   I. 


HYDROGEN. 

Symbol.  H.   Atomic  Weight,  1.008.    Molecular  Weight,  2.016.   Density,  x. 
Weight  of  one  liter  =-.  i  crith  =  0.0899  gram.    Valence,  I. 

I  >»r;iin       .\(^.•J  cu.  in.  at  ^k)°  F.  and  30  in.  barometer. 

1  gram  ■-■  1  i.i(>  litrrs  at  0°  C.  and  760  mm.  barometric  pressure. 

Occurrence.  -It  was  discoverwi  in  1766  by  Cavendish.  Hydrogen 
iKTiirs  in  a  friv  state  in  the  atmosphere  (2  parts  to  10,000),  in  the 
gases  from  vcdeanoes,  fumendes  of  Iceland  and  Tuscany,  and  in  the 
atmosphere  of  the  sun,  and  occluded  in  meteorites  and  in  the  mineral 
carnallite;  in  combination,  it  exists  in  water,  and  in  most  organic 
Hubstaiuvs  (^f  both  animal  and  vegeUible  origin.  It  is  a  necessary 
ctmstituent  of  all  acids,  bases,  and  ammoniacal  compounds. 


♦These'  rlemrnts,  altlu>uj;h  classed  in  the  series  with  non-metals,  are  generally 
ivgnrded  ns  metals. 
t  Non-metal. 


Preparation.— Hydrogen  may  be  prepared:  ^H 

Fiiit-^By  the  decomj^osition   of  acidulated  water   by  a  strong 

dictrical  current,  which  splits  the  water  into  hydrogen  and  oxygen, 

liic  former  appearing  at  the  negative  and  the  latter  at  the  positive 

rleditjde. 

Sacond.^By  decomposbg  water  by  certain  metals.     When  sodium 

or  pocassjum  k  used,  the  decomf>osition  takes  place  in  the  cold;   but 

mm  mm  and  some  other  mclab,  at  a  red  heat. 


Na,  +  2H,0  -  aNaHO  +  H, 


1 


I  ! 1 


Third.— By  the  decomposition  of  the  mineral  acids  with  some 
&&  zinc,  iron,  or  magnesium.  In  this  case  the  metal  takes 
iplice  of  hydrogen^  which  is  crow  ded  out  of  the  acid  molecule. 

Za  +  H^O^  -  ZnSO,  +  H, 

^  pmns  of  doc  give  t  gnuns  —  is. 31  liters  of  hydrog<eiu 


4 


k  adtkd  to  dtsdolve  the  due  sulphate  forme?d.  and  to  prevent  it  from 

g  00  the  miHstct  of  die  ^nc.     Chtmlcally  pure  unc,  however,  will  nor 

in  tietf  dQute  mM^  unless  tt  Ije  m^dc  nnr  pofe  of  a  gaUaiuc  coupLfr. 

OKlhod  IB  the  one  usuiilly  employed  for  the  preparation  of  hydrogen  in 

iy,    Tht  apptij^atus  is  shown  in  figure  45.     The  gns  prepared  from 

^iic  And  ft!  id  ii  not  pure,  hfiwcver,  as  it  contajns  otticr  gajses  derived 

lie*  in  the  tnfttemJs  U5<?fl,     Pure  hydrogen  in  small  quantities  may  be 

by  the  ftT%t  methodt  or  by  decomjtosmg  water  with  an  alloy  of  sodiuai 

'lum  amatgam* 


Pkyilcal  Properties.— Wlien  pure,  at  ordinary  temperatures  and 
pnmircs^  bydn>gpii  is  a  colorless,  transparent,  odorle<iS*  tasteless  gjis. 
It  it  t^i  lim»  IfehlcT  than  air,  being  the  hghtest  gas  known. 

One  Htcr  cif  it  at  o*"  C:  ( — 33^^  F.)  and  760  mm,  pressure,  weighs 
ooSgg  gm*  ^  the  crith*     Its  specific  gravity  (air  =  i)  is  0.0695,     One 
"    *  i4  hjrtlfiif?m  has  an  ascensional  jrower  of  1.2  grams.     It  is  almost 
uye  in  iilrnhol,  and  at  a  temperature  of  — 240°  C  (— #oS°  P')i 
}  itmfrr  a  prc^ure  of  650  atmospheres,  it  has  been  condensed  mo* 
Bf  tu  a  -^tecl  blur  Hqui*l  by  the  roid  iiniduced  by  its  own  ex- 
its boiUng  jwint  has  beep  stated  to  be  —353^  C.    (— 4aa^  F.) 
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and  its  critical  temperature  —233^  C.  (—387.5°  F.)*  Under  a  pressure 
of  650  atmospheres  and  at  a  lemperature  of  ^2^^°  C.  it  is  condensed 
to  a  transparent  liquid.  The  evaporation  of  this  liquid  produce  a 
temperature  of  — 260^  C,  but  about  13*^  C.  above  the  absolute  zero, 
(See  p.  ir,)  It  is  the  best  conductor  of  electricity  and  heat  among 
the  gas^.  It  is  ver>'  diffusible,  and  a  vessel  to  contain  it  must  be 
made  of  glass  or  some  very  compact  material  Certain  metals  absorb 
large  quantities  of  it.  Palladium  will  absorb  900  times  its  volume 
of  the  ^s;  spongy  platinum,  sodium,  pouissium,  and  iron  also  absorb 
considerable  quantities  of  it.  This  action  of  the  metals  is  adletl  oc- 
clusion. During  the  condensation  of  the  gas  in  the  pores  of  the 
melalj  the  latter  expands  and  is  heated  to  a  considerable  degree.    A 


Fio.  43- — ^Prepaiatton  or  HvDiociqf. 


jet  of  hydrogen  may  be  ignited  by  directing  it  upon  a  ball  of  finely] 
divided  platinum,  or  a  ball  of  asbestos,  which  has  been  dipped  iJito  \ 
a  solution  of  j>latinum  chk^ride  and  heated  in  the  llame  of  a  lamp. 

Chemical  Properties, — Under  ordinary  conditions,  hydrogen 
has  little  tendency  to  unite  with  the  other  elements,  chlorine  being 
the  only  one  with  which  it  combines  directly,  and  then  only  under 
the  iniluenrc  of  light.  At  higher  tumperatures  it  unites  with  oxygen p 
and  is,  therefore,  readily  combustible  in  the  air,  burning  with  a  bluish 
and  very  hot  flame.  The  product  of  the  combustion  is  water>^  vapor, 
as  may  be  shown  by  inverting  a  jar  over  the  burning  jet  and  collecting 
the  dnips  of  water  A  given  weight  of  hydrogen  produces  more  heat 
in  burning  than  any  other  known  combustible.  It  will  not  maintain 
animal  respiration,  but  is  not  poisonous.    A  lighted  candle  is  extin- 


H\OSOGElf. 


los 


Pgnbrd  on   being   thmst    into   it,  while  the  gas  burns  at  the  open 
aMMth  of  the  jar.     On  withdrawing  the  candle  it  relights.    (See  Fig, 
^)    If  hjrdiogeii  and  oxygen  be  mixed  together  and  a  lighted  taper 
iff&td  to  them,  an  ejcplo&ion  takes  place.    The  hydrogen  combines 
will  one-half  its  %^oIume  of  o]c)gen.    In  other 
«Qids»  whmi  these  gases  combine  they  do  so 
oaiK  m  the  one  proportion.    This  law  holds  good 
mm  all  chemical  combinations,  and  is  known 
u  the  law  of  definite  proportions.    Hydro- 
psi  has   so  gr^t  a   tendency  to  finite  with 
Qsgrgeu,  at  high  temperatures,  that  it  will  take 
it  froiD   many  metaUJc  oxides,  and  leave  the 

in  the  free  state. 
This  process  is  called  reduction  or  deoxi- 
It  is  by  this  process  that  the  reduced 

or  fermm  redtictum  of  pharmacy   is 

nc  IfusccAt  State.-*Hy€bpg)en  will  unite  quite 

frail  so2ji£  elcmcf»t5  which  it  ordinarily  does  ^^^'  ^^" 

,  if  ihey  be  put  into  ihc  flask  where  the  hydro- 

ifcymM"Hy>   Ar»eiuc  Jiiid  antimony  conrpounds*  for  example,  are  FpUt  tip,  and 

I  unite  with  the  hydrogen.     Many  oiidoi  are  reduced,  and  thlorine 

I  jorr^..  .i,L.r.-L^    .,r,,i  ,-  i\...^,.  t ircumstancts.     The  greater  energy 

_    j  in  "  y  the  supptisition  that  at  the  moment 

^  BHBMidn  «f  thr  -  .        ^  <-  they  have  combined  into  makcules, 

they  %p£  mtdy  tu  take  up  with  any  atom  with  which  they  may  come  in  contact. 

Thiy  mic  «liiivigcr  in  their  atltniue^  bcfonc  fombining  with  a  neighljoring  hydro- 

bf  jtiBlt  the  fane  it  will  take  to  di.sstxiate  the  hydrogen  molecule  into 

,  when  oiice  fottncd.     Thb  cundition  uf  an  element  is  known  as  the 

»((roin  OAtGerc,  :  ^^  .    .,  ^mythcniical  action  takes  phiK 

there  i^   i  ilurc  of  force  rt-fiuircd  to  break 

t  Already  i  .,,...,  ,-.*  ,.v  ..^..  ones  can  be  formed:   and  wt 

i  do  nut  exifit,  tlie  new  combinations  taJce  pLace  with  ea^e. 

Hiitiogpt  U  ntic  "f  the  n^n^titucnts  of  the  giiscs  i>f  the  stcimiuh 

if  intc^iinc^.  ^mi  l^  fmpenily  found  in  the  gases  exhaled  from  tlic 

)|Pw  » h »gi<Ti I  pn i] RTt les ,  if  a ny ,  are  si ij^h t . 

In  i :  -  ,-,..,,  1 1:  J 1  f  i  tri  jjc  rt  ics  h  yd  r^  >  j^e  n  resc  mbles  the   m  eta  Is   mo  re 

the  meulloid^,  UHtiully  phyiti^  the  jKisitive  nMc,  ami   formitt^ 

in  wfaidl  It  occupies  the  pkce  of  metallic  atoms  in  similar  com- 

h  »  easily  suKstitutcnl  ft>r  or  disphced  by  them.     On  this 

pfumKl,  the  •ddfi  are  rrgankxl  as  siilts  tA  hydrfigcn.     It  is  very  pnib' 

•Ue  fittt  bvdnifcii  forms  an  allov  witli  f>aiiadium,  having  the  cam- 

i,— The  uses  of  h>tJriiRen  are  Ifmitcd,    Owin;?  to  its  Hghtrief^, 
ll  m  xwnetlfDCS  itsed  t£>  fill  IjalUMins.    The  asc^etisiorial  ])f>wer,  or  tlie 
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^-:  -  L-jtiit<  iz — :S'  :•  f.  — rr^  5-  7.  :>  j  colorless 
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0>tr>ff :re  :htf  a::»:r.::  wtiirht  £5  4c 


:  irr: 


Rar-.Mv  ir.-i  Travors  have  dl-^cov- 


ZtZ'jZ 


-jt  lr^■..:(^^--^^r*^ 


r-'-f^r*'.  wh-vh  ! 


nar.:e  krjpton,  ne6n,  and 

-  ri:t  '.r. r*r::c*  sin'.ilar  to  thi.>s*  of  helium  and  argon,  and 
=r-  zr.'.T.i-.-i  :ujLr.iit>-.  About  one  p<T  cent,  of  the  atmosphere 
:  and  :be  <Aixr  new  gases. 
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NON-METALLIC  ELEMENTS  OF  GROUP  VIL 
(Chloeike  Group,  or  Halogens.) 


SnmgL. 

Atoiicic  WuGar. 

State. 

Fluorine, 

F. 

19. 

gas. 

Chiorine, 

CL 

3S-4S 

gas. 

Bromine, 

Br- 

79-95 

liquid 
solid. 

Iodine, 

L 

136^5 

Tbc  elements  of  this  group  are  electronegative,  fluorine  being  most 
a^dire  aiid  todiiie  least  so.  They  have  a  characteristic,  pungent 
wjor,  aod  act  as  disinfectants  and  bleaching  agents.  They  enter  into 
cfiicct  anion  with  hydrogen  and  many  of  the  metals  to  form  binary 
tamuKmuds.  Their  aMnities  for  hydrogen  decrease  as  the  atomic 
TOpit  iacicases,  while  the  affinity  for  oxygen  increases  with  the  atomic 
Tbc  lower  members  set  free  the  higher  members  from  their 
or  binajy  metallic  comp^ounds,  while  the  higher  members 
the  lower  in  their  ojcygen  compounds.  Their  compounds 
Iqvticigea  have  well-marked  acid  properties.  They  have  little 
for  oocygen^  but  form  several  oxacids  and  salts^  all  of  which 
ue  lithcr  unsiable.    They  form  the  following  compounds: 


TTF, 


lilvr. 
IIL 


cyo      CIO,      — 


HCIO 
HBrO 
HIO 


HCIO, 
HIO, 


HCIO, 
HBrO, 

HIO, 


HCJO^. 
HBffJ,. 

HIO,. 


Dcnaity,  19, 


FLUORINE, 

(FLUORINE 
Sped£c  Gravity  I  1*3^ 


Valence,  h 


*. — The  sources  of  fluorine  compounds  are  native  fluor-spar 
fcddsm  fluciride)  and  cryolite — a  sodium  and  aluminum  tluoride. 

PytepArmtiOll. — By  de<*omposing  pure,  dn:  hydrafiuoric  acid  in  a 
U-tube  composed  of  platinum,  by  means  of  a  stmng  electrical  current 
from  twenty  or  more  Bunscn  cells.  The  hydrofluoric  add  must  be 
pimred  with  aire,  and  must  be  free  from  water.  As  hydrofluoric 
tdo  is  A  non-cotiduclor^  a  small  quantity  of  potassium  hydrogen  flu- 
<9ide  »  dbscil%*etl  in  It  to  increase  it^  tunductivlty.  The  ap|?aratU5^  i^ 
CwArf  lo  — 2%^  C.  ( — 94*  F.)  durinj^  the  pnx-ess.  The  fluorine  is  lib- 
itod  al  the  positiire  pole  as  a  greenish  yellow,  transparent,  pungent 


raft  AZZuiAi^  .HzaisraT- 

n^.  ZLL  -Ji^  :ze  pr^eric-  --^  '  -  r  zL-  nr.u*.  -ci  zmch  more  active. 
"riiici:-    >  r'.n.   ir:=c:i:i:,   irr.rr.'  z''.  ?;:  rfr.:~.  iJiii  j.i:ir.e  take  fire  in  it. 

Zz   '•-rr.Try    ic-:  ciz- -es   :.!i:  tt^jc.  i'.r ;£  -v'ir.Een  duoride,  HF, 

jjn:  =es  irie  :ne   -:r-z^a.  -.r    ii  ne,     Ii  :-.m=  zi:  :xiice  even  at  500°  C. 

i:z-  J      .r  T-nci   —  1"^-   x:m  ^rii":   .::t3;!:.     M:*;  organic  bodies 

-LT^  171.  ii-:  I;-  -I.  :r:e  r":r':irei  -cizs  rcni'.vec.  bet  me  carbon  rc- 

"^ ---  ---:  irLimiir-L     Ii  i.ci^iiiirr  "vm  rjTr-itfen  with  an  explosion, 

■i'-e!!  ji  r:e  u-i.  >-':  n-.u  tizc.  tdame.  r.:rpe:inne.  and  p>etroleum 
::Lir  ir?  c:  :cL-:ar  ir.iLr::  -Z  r-ccLct  x:iz  .:.  It  attacks  the  nsetals 
:jii- '*:•-•.  -z.  :r.  '<!■  lui  r:L;tiiL/  T--ez  Ji  p«:'x''ier.  L»Tring  ta  the  action 
-E  f-'.r>e  m  ziiiric  :i  zie  net^  in:  rai5.  ::  can  only  be  prepared 
±  ve<i«L-f  .  t  -  iiizzuzi  .  r  f  ::•-  r-rrc  ir.  F  erfe-jilv  ;  ere.  <irv  duorine  attacks 
r!;L-i  bu:  --rv  kiiTrij.  jjni  1:  io^  "zeez  fiuzii  px.iifrjie  to  collect  it  in 
iia^i  vr^ieii. 

Hydrogei  Flizoride,  Hydrodnonc  Acid.— HF.  This  acid  is 
occiizeii  zj  zie  iJtf-iz  ;t  silriiirlc  irA  --r-iEi  jr^-wcered  fluor-spar, 
with  the  lie  :t  1  xezile  hei- 

Cat.  -  H^'-\  =  Cj5*:,  -  2HF. 

The  'jpenriT'C  ii  usujZ/  c-zcuctei  iz  1  leiu  or  platinum  vessd, 
as  the  acji  atucks  zUss  ir.-L  z:- :?:  —eiili.  The  acid  is  a  colorless, 
transparezt  Li«:iuid.  btnlhij:  j.:  :  :•  C.  07=  F.  ^zc  i^.lidimng  at  — 1.02° 
C.  fjo"  F.).  It  fumes  str.-rziy  iz  :he  air.  givizg  ott  a  pungent  odor, 
ver>'  irritatina:  t.>  the  fkin  ±rji  rrrscus  z:erzbnines.  It  is  readily 
soluble  in  water,  formL-z  a  c  i  'r-e>s,  highly  icid,  and  corrosive  liquid 
with  a  pungent  i>ior.  Care  must  h^e  taken  in  using  it  not  to  allow 
it  to  come  in  conuct  with  the  skin,  as  li  pr. duces  a  painful  ulcer,  which 
heals  with  difficulty,  and  also  onstitutional  ^ymptoms  of  considerable 
severity. 

The  sp.  gr.  of  the  liq-ja  is  0.085  at  12"  C.  Ts^.a^  F.).  The  most 
characteristic  pn){)erty  of  hydroRuoric  aciti  is  its  power  of  dissoMng 
glass  by  removing  Its  silia)n.  This  pn^|:)erty  is  utilized  for  etching 
glass. 

The  article  to  fx?  otrhctl  is  first  oxittnl  with  a  thin  I.iwr  of  melted  wax  or  paraffin, 
and  the  charac  ters  arc  then  scratche<I  thniujjh  the  wax  with  a  steel  point,  so  as  to 
expose  the  glass  where  the  etching  is  to  take  place.  If  the  li'juid  is  to  be  used,  a 
wall  of  wax  is  built  up  around  the  characters  ami  the  licjui*!  is  poured  into  the  in- 
f  losure.  The  characters  thus  etched  are  transparent.  It  is  more  common  to 
invert  the  glass,  wax  downward,  ui>on  a  leaden  dish  rontainint;  the  fluor-spar  and 
Kulphuric  arid,  and  ex|K>se  it  to  the  fumes  until  the  eti  hing  is  as  deep  as  desired. 
The  e^:hings  in  this  case  are  opaque,  yiresenting  the  apj)earancc  of  gn)und  glass, 
and  arc  more  easily  seen.     Fluorine  forms  no  oxides. 
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CHLORmE. 

(CHLORIN,) 

Deonty,  35.5*    Specific  Gravity,  2,47*    Valence,  I,  HI,  V,  or  VH, 

OiCClirreiice*^Chlonne  always  occurs  in  combination  in  nature. 
Iht  dhkrides  of  sodium,  potassium,  magnesium,  and  calcium  occur  in 
alNpriii^     Usual  source,  sixJium  cbloHde,  or  common  salt. 

PfeC|l8xatiQii. — By  the  action  of  wann  sulphuric  acid  upon  sodium 
cUaridr,  in  the  presence  of  manganic  oxide,  contained  in  a  flask,  as 
in  figure  47. 


Pro.  47^ 

Or,  bjr  actJxiK  upon  manganic  oxide  with  hydrochloric  acid; 

4HCI  +  MnO,  -  MnO.  h  7H,0  +  Cir 

imtous  evolution  of  chlorine,  molsteneft  chlorinated 
_  1  to  the  air.    Tiie  calcium  hypochlorite  contained 

flei:i>iu|Mi»^*<l  by  the  ntrbm  dioxide  of  the  air,  and  chlorine 
ktdfrce,  Fnr  a  naore  rapid  evolution,  we  may  use  the  same  salt 
•idb  a  diluted  ackl*    It  may  be  collectefl  o%'cr  warm  water. 


CHLORINE   AND    HYDROGEN* 


in 


^BM|^|MriwJir^  — 4    i_.^-^l^  ^f.  c^itUjh  a»  a  dcitsCt  bbck  cloud,  while  fumes  of 
^^H^HHHft  r: nawri  bleaching  and  di si nice ti ng  powers  of  chlorine 

VVBlBVwpSfei --,  .}  drogiin.     Musi  ^egcLible  colurs,  whtn  moist,  are  readiJy 

^Hlll^ied  hf  chiorific*     The  chlorine  coEnbjnes  with  the  hydrogen  of  the  water 
icfiilto  the  ox^'gccif  which,  in  the  nascent  condition^  is  a  powerful  oxidizeTt  and 
the  coIofiDg  agicDt  or  organized  germ,  as  the  case  may  \>c.     In  some 
ehlimne  atls  mieciiy  utjon  the  organic  matters,  uniting  with  a  portion  of 
to  fomi  HCI,  and  »  mirtion  of  it  entering  the  molecule  to  take  the 
qI  ihr  bjrdrogen  removi^,     Thu^,  wilh  marsh  gas,  hydrochloric  acid  and 
BMM^iricKiifeare  produced.     CH,  +  Ci,  ^  CH^Cl  +  IICL 


Audmn 


CHLORIKE  AKD  HYDROGEN, 


Hydrogen    Chloride,    Hydrochloric    Acid|     Mtarmtic    Acid, 
Hydrochloricuin    (U,    S.    P.,    Br,).— HCL      Hydruchloric 


uparfngty  in  nature.    It  is  found  in  volcanic  gases 
,i  juice  tii  ina^mmals. 

,^ L — The  add  is  usyally  prefuiretl  from  scwitum  chloride, 

•r  ommKm  salt,  by  treatment  with  Voromercial  sulphunc  acfd,  with 
6f  lid  ol«  gentle  ticaL 

TWpffice-iN  U  wnnetfafie!*  conducted  in  a  special  plant,  but  a  brge 
^tmAf  of  tJ  prepared,  as  a  side  product,  in  the  manufacture 

^  fflrfmn    cut»-".*-*i^  In-   Ixblanc^s  prtKcss.    1'hc  first  .step  in  this 
1  k  to  lirai  the  fatll  with  sul(>huric  acid,  and  thus  convert    it 


1 


I 


112  MEDICAL  CHEMISTRY. 

J  into  sodium  sulphate.    The  acid  set  free  by  this  process  is  colkdcd 

;  and  sold  as  impure  hydrochloric  or  muriatic  acid. 

i'   '  IlaSO^  +  2NaCl  -  2HCI  +  Na^O,. 

Or— 

H^O,  +  NaCl  =  HNaSO,  +  HCI. 

The  acid  may  be  prepared  in  small  quantity  by  the  direct  union  of 
equal  volumes  of  chlorine  and  hydrogen,  under  the  influence  of  sun- 
light or  the  electric  spark. 

Properties. — Hydrochloric  acid  is  a  colorless,  transparent  gas, 
having  a  pungent,  i)enetrating  odor,  a  sharp,  sour  taste,  an  acid  reac- 
j  tion,  and  producing  great  irritation  of  any  tissue  with  which  it  comes 

in  contact.  It  is  irrespirable  and  extinguishes  a  flame.  It  is  very 
sokible  in  water.  One  volume  of  this  liquid  dissolves  450  volumes 
of  the  gas  at  15*^  C.  (59*^  F.).  This  solution  forms  the  ordinary 
muriatic  acid.  The  sp.  gr.  of  the  solution  is  1.2 1,  and  contains 
!  alxHit  32  per   cent,    of   HCI.      The  sp.  gr.  of    the  gas  (air  =  1)  is 

i  !  1.264;    the  density   (hydrogen  =  i)   is   18.25.     ^"nder  a  pressure  of 

40  atmospheres,  at  10°  C.  (50°  F.)  it  condenses  into  a  colorless, 
limj)i(l  licjuid,  having  a  sp.  gr.  of  1.27.  A  strong  solution  in  water 
fumes  strongly  in  the  air,  giving  off  a  part  of  the  gas.  On  being 
heated  or  mixing  it  with  strong  sulphuric  acid  it  gives  off  the  gas 
rapidly.  The  commercial  muriatic  acid  is  yellow  in  color,  due  tc 
the  prescnre  of  ferric  chloride.  It  also  contains  other  impurities,  and 
is  usetl  only  for  manufacturing  purposes. 

Tlu'  (ninjKKition  of  the  acid  may  Ix;  determined  by  means  of  the  appantu 
slunvii  ill  rinurc  52.  pagi'  125.  The  apparatus  is  filled  with  the  strongest  commerda 
a»  itl,  niixiMl  witli  ton  vohinies  t)f  a  s;iturated  solution  of  common  salt,  NaCI.  Tb 
hindiiig  jH^sts  arc  cnnnoctcd  with  a  battery  of  two  Bunsen  cups.  The  chlorine  sep 
arati^s  at  tin-  |Mi.>iiive  pole,  and  the  hydrogen  at  the  negative  ix)le.  The  volumes c 
the  two  j;ases  are  etjual.  By  the  use  of  the  apparatus  shown  in  figure  53,  we  mi 
aiiive  at  the  sann»  result  by  synthesis.  We  intnxluce,  through  the  stopcock  attb 
tup  of  the  apparatus,  e«]ual  volumes  of  hydrogen  and  chlorine.  By  o[)cning  th 
stop*  «H  k  Inflow,  we  <lraw  olT  the  mereury  until  the  height  of  the  column  is  the  sam 
in  l>tMh  liml)>.  On  passing  a  series  of  sjiarks  from  an  induction  coil  (Fig.  34 
Ihi^uigh  tile  nu\ed  gases,  they  combine,  with  an  explosion.  No  contraction  is  ol 
>.ei\ed.  Ni>  e\ce-.s  of  either  gas  is  left,  but  a  new  g4s  has  taken  their  place — vit 
hvdtiM  lilotii  at  id.     (See  p.  74.) 

Acidum  hydrochloricum  (U.  S.  P.,  Br.)  is  a  colorless,  fumir 
lii|\n<)  hiuinj^  a  ]nmgont  cxlor  and  an  intensely  acid  taste.  Its  sp.  g 
i>  t.isS  ;)t  ,'5'  (\  (77'^  F.),  and  it  contains  31.9  per  cent,  of  absolu 
hyh^H'hloiir  nrid. 

Acidum  hydrochloricum  dilutum  (U.  S.  P.,  Br.)  is  made  I 
^lilutinji  the  ,stn»nger  acid  with  water.  (Strong  acid,  100  parts;  di 
\\\M  WixWw  JU)  iKirts.)     The  sp.  gr.  is  about  1.049,  and  contains  abo 
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aL  of  HCI.     Pure  hydrochloric  add  should  be  colorless,  and 
ilcd    with   distilled    water  should   give   no   precipitate   with 

I ^011  in  excess,  or  BaCl^?  and  should  not  dissolve  gold  leaf. 

rof  HNO,.) 

T«i^,— t-  Healed  with  MuOa,  it  gives  off  chlorine. 

1,  Added  10  A^NO^  h  p.Yv^  st  curdjr,  white  ppt.,  soluble  in  ammonia  water, 
hm  imMhkr  Id  nitric  acid* 

AgNO,  4*  HCI  -  AgCl  +  HNOr 

J.  Added  to  meroannis  nitimto,  it  gives  &  white  ppL,  which  Is  blackened  by 

H&(NOJ,  +  7HCS  ==  Hg,C\  4-  aHNO, 
B^Es  ^  aNHpH  -  NH,!ig,Cl  +  NH^Cl  +  2H,0. 

itic  Acid,  Acidtim  Ifitrohydrochloricum  (U.  S,  P.),- 
u)     Thl§  is  made  by  mixing  iSo  c.c.  of  nitric  acid  with 
cx-  of  hydrochloric  acid,  in  a  capacious  glass  vessel,  and  when 
tfltntacuicg   has   ceased,   pouring    the   product  into   amber-colored, 
j^Ui^^tDppcred  bottles. 

Tht  Ivo  adds  act  chemically  upon  each  other,  forming  chloro- 
Of  chloronitrmis  gas  and  chlorine.  The  following  equations 
>  die  icaction  that  probably  occurs: 

HNO.  +  5HCI  =  NOCl,  (?)  +  2H,0  +  CI. 
HNO,  +  jHCI  -         NOCl  +  aH,0  +  CL^ 

the  power  of  dissfdving  gold,  "the  king  of  metals," 
ne,  aqua  re^ia.     It  is  a  golden  yellow,  fuming,  and 
r  add,  smelling  stmngly  of  chlorine. 
0ltr0h;droctLloricuin  diltitum  (U,  S.  P.,  Br,}  is  made 
^  40  r.c.  of  nitric  ndd  w^ith  182  ex.  of  hydrochloric  acid, 
wbco  effervescence  has  ceasctl,  adding  780  ex,  of  distilled  water 
„     ijk^  60  ex*  mlric  and  do  ex,  HCI  and  500  cx\  water)* 

^^^H  BROMCrE,  BROBSUM  (U.  S.  R). 

^^^^^^ 

p  %«ciilc  Cr«rity,  ^.gg  it  1 5^  C.  (50^  F.).    Benaitsr  of  Vapor,  80. 

Hhloiy  mnd  Occurrence,— Discovered  by  Balard  in  sea-salt  in 
iMt  It  newer  iKcur*  native,  but  is  found  combined  with  the  alka* 
fc«  metalf  ami  magties.ium  in  sea -water,  certain  salt  springs,  and  the 
tAa  of  «eai^c^i^  The  saline  defxisits  of  Stas&furt  furnish  a  large 
jwtc^  Itic  bnHnine  at  the  market, 


y-ttiiTTrant, — 5eL-vL32:  :c  iuj:  rcine-  -wridi  contains  chloiidesi 
:r  »mi:ii>.  uin  **d*3t^  :c  £.  Xi.  Co,  Lzii  yizr  i?  evapomed  down,  so 
Hi*--  :•  mil    r  zitt  :-.Hi?CT-:if!:i:  sl.^  i-r*  ?«!:»iri:*i  by  cn*5laIlizalion. 

7:i:  i-:.:i:ri-in  :uj.iir  Tiii::;  ±r?c  ii.  jirr*  :r>s  pans,  and,  after 
;Ji  n- iTii  ziit  :%i.r^  1  z-'su-li-K.  "i^**  =j:c:^;r-lL^-:r  i?  fiirlher  evaporated 
.:  :  T^r-i'-  r  v;«  oti:  li.iiL*.  r^'i  ji  i-^:er.  jliOKi  it  ditferent  efe- 
:  n  ::-.  •:«  ;.:i  -'i  nii  .r^iir  Lzii  i^siisi  :  v  ^c^•j^s  p^ipes^  The  liquor 
-:'n...  :>  i:i;  :;:  •  ::  ixJi  li-ii.  lz\l  ttImc  ::  r«a;±rfs  :he  lowest,  or  fifth 
u  ::i.  :  :  »:i:-  ::*  iTi"  i  ri'v  :t  "ri;  —»:«  i^.ciriie  xil:^,  chiefly  bromide 
1  rAijr.M^  jn.  Ti\i  zr'su^  Lrt  r^ir^:  ••*!  :r:=:  e;idi  unk  before  tibe 
i';'j  >:  .-  :;*LVT   -if 

T'rii    i:.>:   n  •^*i;r-i; j.c  1^   rilef   riTiirr-    The  bittern  is  treated 

\-  r  ::■;*•  s.M.tf:  ..r  v.ir.  ;c:^r.  -Kr-::r  vL:5j> /.e?  the  bromine  and 
-;sr^  '  ■  v"  :  ?■  t:*;  s.rfir;-  T'l:?  :>  ?<7;iri:e.:  •*-::}:  pij.>eties,  mixed 
vr    .i.:j-<.r:   r    ;.-.  ::i;-i.   irji  i'^iz^i-Tiifl  ::  cr.'nesci.  leaving  potas- 

Tr-r  .■••■:.■  f«s  ..-.•  "rr~  .-.:  .>  :r.:r  :re--L:e^i  tt::?.  rr-inganese  dioxide  and 
*;.-:;ir..-;  :.:-^:    ■  ^.:^  ^rtnii^s  ir.e  ":r:=iir.-e  ir.  i  pure  state. 

:Jvf-  -   Mr  ;,  -  ::"..-5:,  =  S.,^  >\  -  M=SO,  -  zHfi  *  Br, 

Ptiv^icjLl  Pr.-'perries.  — ?r:r.v:r.e  :?  2.  hea\y,  dark  red,  mobile 
: ,:.. ..  ;..•::  ii-  ;.:  r.v.r.^ir.  :c~v*r:i:ures.  2  yellowish-red  vapor, 
>  ;-  .  —  :,. :  -;  :.  :>.;  ; ;.c>  .i-c  ..:rc>.  .mo  hi'.ing  a  peculiar,  pungent, 
> ,. 7, .c, '.  ■' c    •."■.  T.  .. <;■  " .-. .it  . :  ^" r.. ' r.r.c . 

1:  .>  Ss  ..::  .i  .:*.  :~i::;.  :  ..r:>  ^:  -.vjLzer.  n?.xcily  s<^luble  in  alcohol, 
^ '.";-,  .v.::v:-.  .:. >;.'.;; :v..-i.  ..".:  vhl.  -  :Vrr.:.  in^p^irting  its  color  to  the 

1:  i>  vvr/.y*.c:t'.y  \.  *..-:■; '.i.-tv.  or,  o\:v">;:n?  to  air.  It  destro>-s  the 
v\*'or  v^:  Ii:r.v»:>  ,i:\:  ir./.i^ro.  .1:*^:  v\  lor^  suroh  >i-^lution  yellow. 

Chemical  Properties.— Tho  chen^ical  prv>perties  of  bromine  are 
siu*il.ir  to  ih.^so  vf  chlor:::e,  but  somewhat  feebler.  Bromine  is 
^x*isv^:Kn:>.  It  m.iy  Iv  nvv>cni.'i\i  by  its  color,  j<lor,  or  by  the  yellow 
or  brvnvn  ivlor  of  its  s*.>lution  in  chlon^form.  It  gives  a  yellow  or 
v^rd'.ij^e  cv^lor  with  starch  j>asto,  Bni^mine  is  an  active  disinfectant,  and 
is  sv>tneiimes  uscil  to  render  water  aseptic.  The  odor  and  taste  are 
i^ievii\>nable. 
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EjiiOf^n  Bronudey  Hydrobromlc  Acid,  Acidtim  Hydro- 
km^Citm  Diltitiim  (l\  S,  P.,  Br.).— HBn  Pure  hyclrobromic 
idd  U  a  ojloricss  gas  which  can  be  condensed  to  a  liquid  b<jiling  at 
-Mjf  C  (—^4-8^  F.)  and  at  —89°  C.  it  forms  a  ci^'stalline  solid. 
It  b  fciy  soluble  in  water,  one  voiume  of  this  liquid  dissolving  about 
to  votomes  of  the  gas  at  ordinary  temperatures.  A  ten  per  cent, 
i  U  official.  This  acid  may  be  prepared  by  treating  phosphorus, 
in  coW  Wilier,  with  bromine,  and  dislilling  the  resulting 
Tbe  btt>mine  combines  with  the  phosphorus,  forming  PHr^, 
«fticli  is  clecc>tti|iii»ed  by  the  water  inti)  phosphoric  and  hydrobromic 


PBr^  +  4HjO  -  H|PO,  +  5HBr. 

b  JMj  alM»  be  prepared  by  the  action  of  dilute  sulphuric  add  (seven 
|ul»  acid  tu  one  of  water)  upon  a  hot  solution  of  [x^tassium  bromide. 
(SqaOilx) 

Or  br  distilling  a  mixture  of  strong  phosphoric  acid  and  potassium 

AncUbcr  mcCbod  is    to  pass  sulphuretted    hydrogen  through  an 
aolatkm  of  bmmine. 

^M  PihfH  bfdfobnjmic  acid  isofndaJ  in  the  LI,  S.  P.  and  Br.  It  con* 
^ratfeimbout  ten  per  cent,  of  absolute  hydrobromic  add.  It  is  a  clear, 
BisiDglB»  Squid,  having  profjcrtics  closely  resembling  those  of  hydro- 
ps chloric  add.    Its  sp*  gr*  is  1.076  ni  25^  C,  (j?""  F.)^ 

TW  acUs  aiKl  salts  of  bromine  arc  analogous  to  the  corresponding 
and  aalts  of  cUoriDe* 

HydrolyoBiic  is  a  monobasic  add,  and  forms  compounds  called 

—I.  Wiih  siKrr  nitnilc  a  yrllowish-whrte  ppt.  of  silver 
wliich  ii  iosolqiilr  Jo  mtdc  ttiitl  and  spimngly  soluble  in  Am- 

J.  Ti««t(U  wUh  rhlarifw?  *atcr,  the  brofQine  i*  llbciated*  ami  may  be  dissolved 
It  ifciiiHg  null  I  tiliir  ifnnrii  cihvr,  or « axhm  disulphide. 

lODIKE,  lODUM  (L\  S.  P.,  Br.), 

Specific  Grmrity,  4.948^ 

and  OcctiiT«iic«.  — Iodine  was  di!iCoverc<i  by  Courtois 
III  ficaweedi  in  iSis.     Iodides  occur  in  certiln  mineral 
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-jjTr    V -.•    ::!_.  Tjj>t<   iz^i  ':r:!=::i^.   but  in  less  quantities.    It 

--.  :•:•:   t:  -v    ir  —  u-i  j^ii»=<   .f  :eruin  seaweeds  collected  on  i 

-:-    -.  >:  -.^i'.  .rii  Frir.:e.  ii«:  fr:ci  the  mother-liquor  f rom  i 

rT«7irx-':c.— Tir:  T«;^-  fe:  i*  ir:":   irlai  in  the  sun,  and  tl 
_— r;     1   rJL-_-  ■■    :.----u.  ■:-:i^.   i:  1  I'  -v  temperature,  so  as  not 
.  ■:i.\r  ".i-t     'i-i-f      r'i'f  lih     :.ilei    'ieip";  is  then  leached  w 
'i-    -  -  :z   i-rii:-.  ;<     ■_:  lie  siln-.  J.r.«i  the  Si:)liition  is  e\-aponi 
Ti   T.iti-.   s    If  :■   ?c-,iri:e  ±e  '.±er  crista Uizable  salts.    T 
"::r-.-:_  r    r^-Ji-i   "  .•.•i.ie  Ic/."  "srhich  stiil  ci-n tains  some  sodi 
:-.'  -^■■.   :  ": I  •?_!■: i_:r  _!■:  ?-l:i:«ie.  is  ziLxed  with  one-eighth  of 
-~  :     :  f_..  i,r.-:  i-i-i  _r.-:  j.ll:^ei  ::  sLir.d  twenty-four  hours. 
1  •;•-   --.  <.*j  1     :    nr   ^"rc-e-r^ziei   >il:s   takes  place,  with 
,:    -.   ;•:  J...  ?  .' ..  ii-i  H^.     Tre  liquid,  which  contains  iod 
-  •■  _r-   .■  •!  -:.   .^  '.r.ir.  7  _:  :r.:     1  rer-.rt,  treated  with  mangao 
1:    ..-■:    >  -.r    -  rr    /-J -url:  j.ci.i,  ar.d  dL-tilled.     The  iod 
".  -T  ■   ; :  _  -.■  ■-  _?  :■ .  r- .:  -:  rj^:  ■  r.  ? ..  i  1: 1:  le  cc-  ndenser? . 

I:dine    :?   .1   ■.".::->.  :*.i:i    ~>iill:-e  s^  Lid.  occurring  in  lusti 

.  :-     r  :-".  i::.-.    ■*-.:>.  e~i:.  c'r"  ^:  or«i:r-ir>-  temperatures,  a  ^ 

-.    ,:        --^r-.:      1-.  r.      Wher.    he^iied.    it    melts    at    114° 

:-  :     r    .   ..-.1  If  cr.i .i-;."./     ■.L-s:7*itec  in  the  form  of  a  beaut 

::  :  :  :r:  •  av-  r.    f  :J:e   ie-siry  "f  1^5.5  it  coo"*  C.  (1112®  F.) 
■     :     crc     /  — :.  ^..  the  r:  iv.vule  :?  I,  at  60c-  C,  but  it  is  aln 
:"..;     ■»  ::..:-'i  .l:   :5>r-   C.     It  is  but  sliirhtly  soluble  in  wa 
:  :-    ; .:  :-  :--:',.'  :r::l-.:Vli  ;r.  .1  >  lution  of  KI  in  water.     It  is  soh 


Medical  Uses.  -I:   is  use.:  ex:err..illy  as  a  counter-irritant  ; 

':'■.:■:'.:.■::   [-^^sr-^^ly  .^s  ^::  .^"ti^yniviic  and  .-korative.     In  large  d< 

:•  .■<-•.'  ^"i  .-.r.  irr::ir.:  >  is-  :..     I:  is  clim:r..::t\:  by  the  kidneys,  sal 

iL.'.'i  ij.::  i.-I  nv.:..'us  r-enib-irx.  but  n-it  by  the  skin.     In  administei 

''  it.  -ilvcr  -^H . .--  ^h  i'ui'i  bo  j.v. Mcii,  as  it  aiucks  silver. 

yhi:  f'.ll'iv.in:^'  three  pre:aniii"ns  of  free  iixiine  are  ofRcial: 
i',  Tinctura  iodi  iV.  >.  P.,  Br."!  is  a  solution   in   alcohol  (70  gi 

;tii«l  50  '.^m.  Kl  t'l   1000  c.c).     When  freshly  made  it  is  prei'ipiti 
.  from  thi-  S')luti»»n  with  water,  but  after  s*.>me  time  it  undergoes  char 

wlii<h  prt'vent  thi>.  The  Br.  tincture  o>ntains  25  gm.  iodine  and 
^'i!i.  KI  to  1000  c.c.  The  so-called  colorless  tincture  is  made 
julfliiii;  ammonium  hydroxide  to  the  alx)ve  tincture,  in  sufficient  quail 
Ut  diMolnrize  it  by  c<»nvcrling  the  iodine  into  ammonium  iixlide. 

Liquor    iodi    compositus    (U.  S.  P.)  (Lugol's    solution)    i 
Kolulion  of  icHh'ne  and  fM>tassium  iodide  in  water.     Iodine,  5  gm.; 
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110  pl;  distilled   waler,  q,  s.  to  make  100  gm.    Liquor  iodi  fortis 
|(Br,J  conUins  50  gm*  iodini*,  30  gm*  KI,  in  about  400  ex,  of  alcohttl. 

tlllfiCSltimi  iodi  contains  four  per  cent,  of  iodine,  rubbed  up  with 

palaaatiiii  iodide  and  water  and  mixed  vk^th  krd. 

Hfdnc   Iodide,  or  Hydriodic   Acid.— HI.    A   solution  of  this 

add  is  prepared  by  jjassing  hydrk  sulphide  through  water  containing 

ioimt  m  suspei^ion,  until  the  free  iodine  disappears,  and  then  filtering 

Ethe  |»iecipitated  sulphur. 
I 



1,  +  H^  -=  3HI  -h  S. 


Tlie  Acidt  when  puret  is  a  colorless  gas,  fuming  in  the  air,  having 

Kimlifig  odor,  resembling  in  most  of  its  pniperties  those  of  hydro- 

scid«  although  less  stable  and  less  active*     Solutions  of  hydri- 

edit  ftod  ai€  very  prone  to  decomposition,  v^-ith  hberaiion  of  free 


Addl  bjdriodici  dlluttun  is  official  It  is  made  by  mixing  an 
Ufataos  sotutiim  of  putassium  iodide  with  an  alcoholic  solution  of 
HiUfic  acid.  The  mixture  is  cooled  by  ice- water,  the  precipitate 
gfparalffd  by  Gltraiion,  and  dLs^olvcfl  in  diluted  alcohoL  This  solution 
■mills  about  ten  jkt  cent.,  by  weight,  of  absolute  hydriodic  acid. 

The  reactmi  which  takes  pUce  in  the  above  process  is  thus  expressed: 

Ki  -^  n,r,H/\  =  KHt:,H,o,  +  hl 

%fi^us  Acidt  hydriodici  (t\  S,  P.)  is  made  by  diluting  the  above 
r  vidi  sffujp.    Thb  s)Tup  contains  one  per  cent,  of  HL 

The  Midei  of  pota^^ium,  sodium,  iron,  lead,  mercury,  arsenic, 
Mmmomumf  ind  sulphur  are  used  in  medicine.  The  following  com- 
foam^  A«  afco  known:  ICl,  ICl^  IC^  IBr,  IFl^,  and  NI^.  The 
H  b  A  Y«y  n^lo&ive  compound. 

TmI  lor  UMOM  MnA  Iodides. — i.  Free  iodine  turns  cold  gielatiiuzcd  starch 

1,  To  A  tt^mkt^  -  ifxUne  add  a.  few  drops  of  carbon  disutpblde 

Miiilakr.     Tbr  cut  .   wtl]  (aM  |o  the  bottom  of  the  vesfict  tintrd  with 

4  tnaotjfuf  vMrt  tokn.     Chk»fcifami  may  he  used  instead  of  the  carbon  dbulphidc. 
To«  mIii^oii  of  Ml  UMk  add  n,  little  chlorine  water,  ^nd  tist  for  five  inditic, 


W^ 


4.  To  J  tolufictfi  of  AH  icididr  ndd  nitrate  of  diver  solution;    a  (^alc  yellow  pre* 
Isteinn  jterfii^  wliit4i  Uln»ulublc  in  nitnV  add  and  in  amTnonia  wiiter- 

5.  >UxtBlr  of  h^  gi'^^B  tt  yellow  pm  i|jitaie  of  lead  i<jdide. 
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MEDICAL  CHEMISTRY. 


GROUP  VL— NON-METALLIC  ELEMENTS. 


Sulphur,  S  -  J2  (31  8ii  H  =-  1). 


Selenium,    Se  =    79  (  784 j,  H  « 1 
TeUurium,  Te  =  137  (126.52,  H » 


Sulpnu 

The  elements  of  this  group  may  be  dyad,  tetrad,  or  hexad,  with 
the  exception  of  ox>^gen,  which  is  always  dyad.  They  all  combine 
with  hydrogen  in  the  projsortion  of  RH,,  With  the  exception  of  Rp 
their  hydrides  have  acid  properties.  Oxygen  is  the  most  elecin>- 
negative  and  tellurium  the  least  so. 


OXYGEir, 

Symbol,  O.  Atooiic  Weight,  16*  Molecular  Weight,  32,  Weight  of  1 
liter,  1*43  gm.  16  gm,  ^  1 1*16  liters  under  standard  temperature  and 
pressure. 

Occurrence*— Ojygen  was  discovered  by  Priestly,  in  England, 
in  i774t  and  at  the  same  time  by  Scheele,  in  Sweden,  independently 
of  each  other.  It  exists  in  the  air,  in  the  free  or  uncombined  state, 
mixed  with  nitrogen  and  small  quantities  of  other  gases.  It  enters 
into  the  composilion  of  a  great  variety  of  compound  bodies,  such  as 
minerals,  vegetable  and  animal  btidies.  Water  is  eight -ninths,  saiid 
one-half^  and  alumina  one-third  oxygen,  by  weight. 

Preparation, — Oxygen  may  be  prepared : 

First. — By  heating  mercuric  oxide  iu  a  retort  or  flask,  when  it 
breaks  up  into  oxygen  and  black  mercurous  oxide;  or,  if  the  tempera 
ture  be  high,  into  oxygen  and  metallic  mercury. 


4 


sHgO  =  2Hg  +  O3. 

Second. — By  heating  black  manganic  oxide  (MnOj)  to  redness^^ 
in  an  iron  or  clay  retort,  when  it  gives  off  a  part  of  its  oxygen. 

Tliird, — By   decomposing   acidulated    water   with    a    current 
electricity.    The  oxygen  obtained  in  this  way  is  very  pyre,  but  the 
meihfxi  is  t*.io  slow  for  oalinary  use* 

Fourth. — A  good  method,  and  the  one  most  often  employed,  is 
by  heating  a  mixture  of  potassium  chlorate  and  MnO,. 


I 


2KC10,  -  2Kcr  +  30^ 


The  evolution  of  the  gas  takes  place  more  regulariy^  and  at  a  lower  temperal 
if  the  chlorate  be  mixed  with  ferric  oxide,  cupric  oxide,  or  mangadic  dioxide. 


] 


OXYGEN. 


119 


I 


hM  h  gttncralW  used*  in  the  pn>port]on  of  one  p^rt  of  the  oxide  to  two 
puti*  hy  wL*ight,  of  the  rhlurate^     The  manner  in  wbich  the  oxide  acts  h 
obioir^,  for  it  scetus  to  under^go  no  change  in  composition,  and  is  found 
"  in  the  residue  left  in  the  retort* 

mjny  be  conducted  in  a  Found-bnttomed  glass  flask,  fumishcd  with 

<ldivief>*  tube*  pro\ided  that  the  hc4l  be  carcfu Uy  regulated  and  not 

Id  beeiiQie  Itxt  high.     The  gas  is  collected  in  an  inverted  jar  in  a  pneumatir 

l.ilof  raro  of  the  chlorate  ought  to  yield  about  140  liters,  or  five  cu.  ft.,  of 


Phjsical    Pro  pert  its. — Oxygen  ^    when    pure^    is,    at    ordinary 
;,  a  color Ics:^,  transparent,  odorless,  tasteless  gas,  slightly 
air*     Its  sp.  gn  is  1.10563.     Water  dissolves  three  per 
of  its  voiume,  at  ordtnar>'  tem[>eratures*     Under  a  pressure  of 
joo  atmo^jheres,  and  at  a  temperature  of  — 140°  C.  ( — 220*^  F.),  it  con- 
to  a  transparent  blue  liquid,  whose  sp*  gr*  is  0.9787  (Pictet). 


^Ufuid  oiyRTD  boils  at  — iBo^  C  (—299^  F.)  under  atmospheric 
tHMun,  and  it%  critical  temperature  is  —118**  C.  (—1804^  F.). 
(Coop.  p.  9  )  Ever)'  gas  seems  to  have  a  critical  temperature  pc- 
cnbr  to  ilieU.  Oxygpn  is  magnetic.  The  magnetism  of  the  al- 
nosphcfk  oxrgrfi  is  equal  to  that  of  a  layer  of  imn  covering  the 
«rfiee  of  the  eanh  0.1  mm.  in  thickness. 

Oxf^Oi  fiirms  ifxkles  of  all  the  known  elements  except  bromine, 
■uorinet  argon,  Iielium,  neon,  krypton,  and  xenon.  Its  range  of  affini- 
ti»  lad  its  merg>' of  ct>mbminj^  jwiwer  arc  its  characteristic  chemical 
pfiipeftie^.  Most  dements  combine  directly  with  it^  especially  at 
ta^  lesipcratiiJis. 
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MEDICAL  CHEMISTRY. 


Combustion. — When  oxidation  is  accompanied  by  light  and  he; 
it  is  called  combustion.  A  Ixxly  is  s;iid  to  be  combustible  when 
unites  readily  with  oxygen,  and  emits  light  and  heat  in  so  doing, 
combustible  body  usually  requires  to  be  heated  to  a  more  or  less  eL 
vated  temperature  before  it  will  be  acted  uj)on  by  atmospheric  oxygei 
but  when  the  process  has  once  begun,  it  is  kept  up  by  the  heat  gei 
erated  in  burning. 

Sonic  Ixxlics,  not  usually  rcganled  as  rombustihle,  will  burn  when  heated  to 
rc(l  heat  and  plunged  into  an  atmosphcnr  of  pure  oxygen;  for  example,  a  steel  watci 
spring  or  small  in>n  wire,  so  treated,  will  burn  with  great  brilliancv.  Bodies  whi( 
burn  in  air  with  difficulty,  burn  in  pure  oxygen  with  great  Readiness.  Oxygen 
the  great  sup|K)rter  of  combustion,  but  the  action  of  oxygen  and  the  combustib 
Ixxly  are  mutual.  A  jet  of  air  may  be  burned  in  a  jar  of  illuminating  gas  or  hydn 
gen  as  readily  as  these  last  burn  in  the  air.  Oxidation  often  takes  place  slow!; 
and  the  heat  pnxluce<l,  although  the  same  in  l)oth  cases,  passes  otf  into  the  air  or  sui 
rounding  InHlies,  st)  that  the  temiK-rature  dcM?s  not  rise  much  above  that  of  the  ai 
This  is  sometimes  termed  slow  combustion;  or,  more  commonly,  oxidation. 

Mi>st  oniinary  combu^tibles  contain  carlxjn  and  hydnigcn.  and  in  burning  th< 

produce  carlx>n  dioxide  and  water}'  va|x)r.     In  case  the  combustible  contains  su 

phur,  it  becomes  sulphunms  oxide:  if  nitrogen,  it  become 

^   A  either  f  n-e  nitn>gen  or  ammonia,  according  as  the  oxidatiu 

"  is  complete  or  incomplete. 

The  chief  combustibles  used  in  the  pnxluctio 
of  heat  are  woikI,  coal,  |>etroIeum  and  some  c 
the  products  made  from  it,  alcohols,  hydroger 
and  the  hydrocarlx)n  gases,  of  which  natural  gj 
and  coal-gas  are  the  chief.  In  some  meUillurgia 
pn)cesses  gases  are  prepared  for  burning  in  sp< 
cially  constnictcd  furnaces. 

In    laboratory   processes    illuminating    gas  i 
employed    for   tlie    pnxluction    of    heal,    and 
specially  constructcfl  burner  is  used,  known  as 
Bunscn  burner.     (Fig.  50.) 

Ignition  Point. — The  irmix-rature  to  which  a  substance  must  Ik-  raked  i 
order  that  combustion  may  lake  phu  e  is  lallcd  it-;  ignition  point. 

Kai  h  combustible  has  ils  own  ignition  ti'mjHTaluri'.  When  the  tem|)erature  of 
flame  is  brought  Ik'Iow  the  ignition  lemjKTature  of  the  burning  ga^t-s,  by  prc^»ing 
wire  gau/.e  uiK)n  the  tlame,  the  latter  is  e\tingui>he<l  at  the  plane  of  the  win*  gau/j 
The  unburne«i  ga-^e-;  lan  Ik*  ignitr<l  alnjvc  llio  gau/r  with  a  burning  match, 
flame  is  pnxlui  eil  by  the  burning  (»f  ga^e-.  A  subslani  e  will  burn  with  a  llame  on 
when  gases  or  vaix)rs  can  Ix'  jmMlu'i'd  l)y  the  heat  of  the  combustion. 

The  flame  of  a  can<lle  or  t)i]  lamp  is  <oni|M>s<'d  of  thav  distinct  ix)rli(ms: 

1 .  An  inner  dark  cone  of  unburned  vapor  or  gas. 

2.  A  luminous  enveloiK.*  t>ulsi<le  <»f  the  <lark  central  cone. 

3.  .An  outer,  faintly  luminous  envrlo|x'. 

The  changes  taking  ]»lace  at  the  surfai  <•  of  tht*  inner,  dark  cone  arc  the  disso(*ii 
lion  and  partial  combustion  of  the  combustible,  witli  the  formation  of  carbon  nioi 


Fig.  50. 
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CO,  H/>«  «iid  free  hjdroigiiMi.     The  heat  prrxfticed  by  the  burning  part  of 
iscs  Ibe  carbon  to  ju  l^don  | joint,  whii  h  makvs  ii  Juminyus,  and  it 
ligkl  betoc  11 1*  burned  to  CU^     The  free  hydmgen  and  the  CO  burn 
^««lar«avclof»e  and  funiish  the  heat  to  keep  up  the  tern pcratkin.*  of  the  flame 
m  to  ISk  Ipntioci  poinL     Tbc  tuminodty  of  a  J^ume  k  depcnde-  ni  u  fHj  n  its  tem  pe  ra- 
ti ttciiiiMi^l  oi  tne  flmmc  pase^*  and  ihc  nature  of  the  ^hd  matter  m  the  dame. 
Tl»  b$miatM»  ^n  flvoe  i»  esscntialiy  the  sajiic  in  structure  as  the  candle  flame. 
TW  oott4umii>oii&  gjM  iame  is  pncidueed  by  mixing  air  with  the  gas  before  com- 
ln»  &ltli0«^  oot  enoucH  Ui  iumkh  sufhcient  oxygen  to  completely  bum  the 
u    Tlilft  ift  ihr  (tfindple  dflhe  Bunsen  burner  ( Fig.  50 ). 

Tlirfis  eaifecis  at  Cmnd  air  k  admitted  through  two  openings  dt  B,  the  amount  of 
bdof  RipilAted  bf  a  braas  collar  by  which  the  size  of  the  opening  may  be 
"Ttm  mised  pacs  aie  burned  at  A.  The  effect  of  mixing  the  atr  with  the 
pill  to  inriTunr  the  anioaot  of  gas  burned  at  the  surface  of  the  dark  cone^  and  the 
iteoii  coiUfilete  and  instantaneous  eunverriion  of  alt  the  carbm  to  CO,  at  this  poinL 
Tit  ifdnjMLH  b  completely  converted  into  H5O.  The  CO  passes  to  the  outer  mar- 
ital cfar  nSDT  and  there  meets  the  oxy^n  of  the  air  and  tx^omes  CO,h 

Tfav  oofMtuwtioii  is  more  rapid  and  complete  in  this  burner  than  in  the  ordinary 
p»b«nKr,  in  which  a  vrry  appreciable  amount  of  carTM*«  escapes  combustion.     If 
ftcaid  mffafT  be  nn;$sed  diiwn  upon  the  ordinary  luminous  flame  it  receives  a  deposit 
t  castnOt  while  the  non-luminous  flame  dt^es  not  deposit  carbon  under 


1  to,  3t,—Cmn^mm  ntjawm^, 

.  nitufe   of    the  non -luminous    flame  b  much 
cninnu^  flAmc, 

"  .  ■nlally  across  the  flame  of  a  Bunscn  burnrr, 

in  thr  cintiT  /one  td  the  tlame  and  txt  omis 

,..    :;ui\  jKirli<>n  i»f  the  wire  in  the  ctrnltr  ttf  the 

lv|(bl^     1  •  tbr  wire,  to  bring  one  of  the  oxidiised  spots  into 

the  CiXiil*  irduuMi  and  Iht'  wltv  will  becnmc*  bright  at  this 

Tbc  uutrrionr,  whctr  oiidiitidn  nt  the  rtipjH-r  wirt^  takes  pkcc,  h  called  the 

*         '^  ^hiir  the  inner  i*me,  inhere  unburtietl  gases  exist,  h  called  the 

Mill  h  Ufcf  is  made  nf  the:ic  iWii  flameis  in  bbwpl[ie  anaSy^Ms^ 


'^ITtet.— The  ii<c*  ol  oxygen  are  ntimemus.  The  oxygen  taken 
tlie  air-vciiclrs  of  the  lun(^  passes  through  ihcir  thin  walls*  liy 
^liv    '  '      M  ..  .1^     Thett*  it  itiinhine*;   with   the   hemoglobin 

ittl  Ofli^  Ijtcs  with  them  throughout  the  bmly,  nsshu 

Nt  ill  btimtn^i  u\t  tiiti  ^.v^tt^  pfodncu  of  the  bt^iken-tiown  tissues.     It 
^  *^lftftf  Irtim  tbt  hnh  an  anUyn  clioxiVfe  and  water. 

Oie  hundfeci  vulumcs  of  arterial  bbod  from  a  dog  contain  fiftet^n 
la  fwntif 'live  volumes  uf  nxyi^erif  ancl  \\\h  quanlily  \'«iries  with  the 
:  iif  hcmogkibut  or  with  the  red  corpuscles  of  the  blixxl* 
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Oxygen  is  used  in  the  compound  blowpipe,  with  hydrogen  or  illu- 
minating gas,  to  obtain  a  high  temperature  for  working  platinum  a 
for  the  production  of  light.  The  gases  are  stored  in  separate  recepta 
cles  under  pressure,  and  are  mixed  in  the  blowpipe  immediately  befor 
burning. 

The  construction  of  the  blowpipe  is  shown  in  section  by  figure  51 

For  the  production  of  light,  the  flame  is  projected  upon  a  sma] 
cylinder  cut  from  unslaked  lime.  The  flame  heats  the  lime  to  a  bril 
liant  white  heat,  which  gives  an  intense  light. 

In  the  ordinary  projecting  lantern,  the  light  from  the  heated  lim 
j  is  thrown  through  a  lens  upon  a  screen.     Objects  or  transparencie 

placed  in  the  light  before  the  lens  are  then  observed  upon  the  screen 
Oxygen,  either  pure  or  mixed  with  nitrogen  or  nitrous  oxide,  an 
condensed  into  cylinders,  has  been  used  with  some  success  in  tb 
treatment  of  various  lung  affections.  WTien  taken  in  this  way  it  act 
as  a  tonic  and  stimulant,  increases  the  oxidation  of  waste  substance 
in  the  blood,  and  com{)ensates  for  diminished  air  space  in  such  dis 
eases  as  pneumonia,  edema  of  the  lungs,  phthisis,  etc.  By  forcibly  in 
flating  the  lungs  with  it  we  may  increase,  by  several  cubic  inches,  tht 
air  capacity. 

In  the  air,  the  oxygen  is  mixed  with  nitrogen  to  dilute  it  and  tc 
moderate  its  action.  Oxygen  is  of  use  as  a  supporter  of  combustion^ 
to  afford  us  artificial  heat  and  light.  With  this  heat  we  drive  oui 
steam-engines,  warm  our  houses,  smelt  our  ores,  and  cook  our  food. 

Ozone. — If  a  series  of  electric  sparks  be  passed,  for  a  few  minutes, 
through  a  portion  of  air  or  oxygen  gas  confined  in  a  tube,  it  acquires 
a  i)eculiar  pungent  odor,  exhibits  properties  which  it  did  not  p^^ 
viously  possess,  and  undergoes  a  contraction  in  volume.  This  is  the 
best  way  of  preparing  it,  but  the  yield  at  best  is  about  5.6  per  cent, 
when  pure  dry  oxygen  is  used.  The  same  odor  is  usually  detected 
in  the  air  in  the  neighborhood  of  a  frictional  electrical  machine  whUe 
in  operation;  or  in  the  gas  given  off  by  a  mixture  of  potassium  per- 
manganate and  sulphuric  acid; 

Oxygen.  Ozone. 

or,  when  phosphorus,  partially  covered  with  water,  is  exposed  to  the 
air  and  allowed  to  undergo  slow  oxidation;  or,  by  the  electrolysis  ol 
water  conUiining  sulphuric  and  chromic  acids.  Ozone  can  often  be 
detected  about  a  galvanic  battery,  using  as  the  exciting  fluid  a  solu- 
tion of  sulphuric  acid  and  potassium  dichromate. 
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Oume  has  been  prepared  in  the  pure  state  by  passing  ozonised 
or^fea  tbrougb  a  tube  moled  by  liquid  oxygen  to  —184°  C\ 
(— t^^  F.).  Tllus  prepared,  it  is  a  steel-blue  liquid,  iK^iling  at 
—106*  C-  ( — ^159**  F.)  and  evaporating  into  a  blue  gas, 

Tbe  density  of  the  gas  is  24,  and  its  molecular  weight  is  there- 


O 


\. 


im48,  or  I  ;o. 

Tbe  nzaoe  of  the  air  never  exceeds  one  part  in  700,000,  It  is  more 
aboodant  in  the  air  over  the  ocean  than  on  land,  being  produced  by 
feo^af^ionition  of  salt  water.  It  is  most  abundant  in  May  and  June, 
avd  ksist  in  December  and  January,  This  pnjperly  of  an  element 
ing  tiro  or  more  forms  of  lotaJly  diflTerent  behavior  is  called 
or  allotropism*  (Comp*  p,  1 10,)  The  more  uncommon 
<if  tJic  eJeanent  is  called  an  alio  tropic  form.  This  property  is 
'  by  co^gten,  sulphur,  phosphorus,  boron,  iron,  silicon,  carbon, 
\  paid,  piatinum,  mercury,  and  i>erhaps  others. 
Pfeopei ties.— The  pR'Fperties  of  ozone  are  those  of  oxygen,  intensi- 
It  k  a  reiy  powerfui  oxidizing  agent,  tarnishes  silver  and  mer- 
oqr,  sets  iodine  free  from  potassium  iodide,  and  is  rapidly  destroyed 
hjf  contact  with  easily  osidizable  organic  matters,  and  by  a  tempeni- 
tu^of  I4)g**  C,  {300°  K.)*  In  this  last  ca^,  it  is  reconverted  into 
II  U  a  stmng  bleaching  agent.  It  is  soluble  in  oil  of  tur- 
and  in  ether 
Ija  pre|KLiing  oj&onc  from  oxygen  a  contraction  takes  place,  and  it 
espajids  on  being  reconverted  into  ordinary  oxygen.  This 
littl  It  b  a  condensed  form  of  ox)  gen. 
ifi  !§  timrs  heavier  than  oxygen. 

b  foun^J  in  the  air,  esyKrcially  after  thunder-storms,  and 
in  apprrriable  quantities  acts  as  a  purilierof  the  air,  destroying, 
hj  oxidiiiiig  action,  many  forms  of  organized  germs  hurtful  to  its 
ImbmI  aod  vegrtahle  life.  On  this  account  it  has  been  rcg^irded  as 
i  vikiabfe  antiseptic  and  disinfectant.  As  it  is  very  irritating  to  the 
membranes,  ajjd  when  present  to  any  considerable  extent 
distteMUg  coryaa,  or  even  hemoptysis,  it  is  to  be  recommended 


TMti.— Tb<  p%«eQC«  of  oxone  in  the  ftir  may  he  dctcrtciJ  b^  its  attion  U[K}n 
«  fsprr  wtiirmtcil  witli  *  tohilian  of  fjotassium  i<x!ldc  and  starch  pA«le-     This  paper 
'  its  Adiofi,  owing    lo  the  liWratiun  <jf  jiNlinr,  whu  h  gives  n  lilue  ] 
A  tiiecc  ol  rrddcned  Htmuit  paper  §4tttirated  with  pottissium  KitlidQ 
___  _._  -     Atwp'tmciUlrncfl  with  afS;iU>ihtilii  sMrlulfoUiif gtiaiacufn  isalso 
I  to  a  Gglkt  bllK  by  fU  artir^n.     A  piece  nA  p:Lj>er  impregnated  with  H  HutulUm 
pnam  sn^pliatr  m  lead  hvdmlr  tym-^.  li'irk  hnmn  «jr  hluck  by  its  prrsencci  ^ 
■r  when  the  air  is  heated  to  360^  C\  (500°  F,), 


iKMfftbtar  bf  i 
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GKTQEIX  AHD  HYDROGEN. 

Two  compounds  of  tJiese  element  are  known: 
Hydmgen  osdde,  or  water,  HjO. 
Hyftfogen  pero3tide,  or  h)'drogen  dioxide,  H^Oj. 

Hydrogen  Oxide,  or  Water. — Formula,  H^O.    Molecular  Weight,  i8^ 

(O  -  i6),  17.SS  (H  -  I). 

Water  is  so  widely  distributc«i  in  nature  that  it  is  almost  unive 
It  exists  in  the  three  stales:  solid,  liquid,  aod  gas  or  vapor. 

Occurrence. — h  occurs  in  the  solid  form  below  the  temperature 
of  0°  C.  (32^  P.),  and  as  a  liquid  between  o'"  C.  (32°  F.)  and  100^  C. 
(aia*^  F.),  and  as  a  vapor  above  100''  C.  (212°  F.),  In  tJie  form  of 
vapor  it  exists  in  the  air  at  ordinar>'  temperatures.  It  is  poured  into 
it  from  combustion  in  various  manufacturing  processes,  from  volcancjcs, 
by  spontaneous  evajKiration  from  the  surface  of  the  ground,  bodia 
of  water,  and  the  leaves  of  plants.  Seven -eighths  of  the  entire  human 
body  is  water.  Potatoes  contain  75  per  cent,;  %vatermelons^  94  per 
cent,;  and  cucumbers,  97  per  cent  It  enters  into  the  composition 
of  many  rocks,  and  forms  a  necessary  part  of  many  crystals,  where 
it  is  known  as  water  of  crj^stallization. 

Compos ttion. — The  composition  of  water  may  be  determined  in  two  ways:  bv 
ftnab'sis  and  by  synthesb.  If  a  current  of  electricity  be  conducted  through  «  vessel 
of  water,  slightly  acidulated  with  sulphuric  acid,  the  water  will  be  decomposed  into 
two  gases^  hydnigen  and  oxygen,  in  the  proportion  of  two  volumes  of  the  first  tooiie 
of  the  second.  If,  now,  these  gases  be  mixed  together  in  the  same  proportion,  and 
an  electric  spark  sent  through  the  mixture,  they  recombine,  with  an  explosion,  H 
equal  volumes  f>f  the  twoga&es  be  us<;d,  there  will  remain,  after  the  explosion^  one- 
fourth  its  murh  gas  as  was  taken,  which,  on  testing,  will  be  found  to  be  oatygcn. 

These  two  e.^perimcnts  show  that  the  propt>rtinn  of  the  gases,  by  volume,  must 
he  two  of  hydrogen  to  one  of  oxygen.  On  weighing  the  two  gases,  v^'e  find  that  lh« 
oxygen  weighs  eight  times  &z  mxtcn  as  the  hydrogen^ — i.  e.,  by  weight,  water  is  com- 
poaed  of  |  oxygen  and  J  hydrogen. 

The  recombination  Is  effected  in  the  eudiometer  of  the  construe  lion  represented 
by  figure  5J,  and  the  decomposition  in  the  apparatus  shown  tn  figune  53.  For  the 
synthesis  of  water,  the  niiseo  g,ises  are  introduced  into  the  graduated  limb  (Fig*  55) 
through  the  stopcock  at  the  top.  The  wires  from  a  small  induction  coil  are  con- 
nected with  the  two  platinum  wires  soldered  into  the  glass  just  below  the  stopcock, 
and  which  are  separated  within  the  tube  by  a  space  about  ^a  of  an  inch-  On  con- 
necting the  coil  with  ihe  wires  from  the  battery,  a  sf>ark  is  sent  across  the  Spdre 
tietween  the  platinum  wires,  which  ignites  the  gases.  In  figure  ^2  the  wires  are  seen 
to  pass  thrumgh  the  tul>es  at  the  tiottom  and  terminate  in  two  strips  of  platinum  foU, 
from  which  the  gases  esca|>e  to  the  top  of  their  resfiective  limbs.  If  the  graduated 
limb  in  figure  53 «  containing  the  gases  to  be  combined,  be  surrounded  by  a  larger 
tube,  through  which  sleani  from  a  kettle  is  kept  passing,  and  the  gases  are  measured 
at  the  same  temperature,  Ix-forc  and  after  the  explosion,  it  will  be  found  that  the 
steam  produced  by  the  combination  of  the  oxj  gen  and  hydrogen  will  occupy  two- 
thirds  of  the  volume  of  the  mixed  gases  before  the  explosion  (comp.p,  75)  j  thai  is,  the 
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ol  bfiiirag?!!  and  the  one  *'c.*lumc  of  oxygen  have  formed  two  volumes 

m  *«pcc  of  Wiftier,     Aj  ipiv  mg  the  law  of  A vugadrui  it  will  be  seen  ihiit  there 

Bumbrr  of  molctuk's  of  water  produced  as  there  were  molecules  of  hy- 

Now,  JI&  wre  have  seen  (p-  75)  I  hat  the  hydrogen  molecule  contains  1 

^  tile  iDoleculr  of  water  must  con  lain  two  atonic  of  hydroge  n.     By  the  same 

it  niAV  be  shown  that  the  tnolcculc  contains  but  one  atom  of  oxygen;  or. 


Ftik  5^. 


Fro.  5 J' 


PlcpAntioa.--\\  ater  may  be  prepared  in  se%^f  ral  ways  by  chemical 


Fint,— The  amplest  meihod  is  the  direct  union  of  the  gases. 


*«^It  h  ftlwjiys  [vnxluced  by  the  burning  in  llie  air  of  hydro- 
fm  p%  or  Jtny  combust ibfc  cptitaJning  iti  and  may  be  condensed 
\ff  cooducting  the  pPKiui  ts  c>(  the  a>mbu.stion  thmugh  a  tube  or  Oue 
t  Dcwl  hf  Jmrocr^on  in  cold  water. 


Otfipli  r,r!*.n  Wii^. 


» 


C,ll,0  -f  6CuO  at  red  heat  «  jCti,  +  aCO,  + 
2CuO  +  allj  -  CUj  4-  aHjO, 

Physical  Properties. — When  pure,  water  is  a 
parent^  mobile  liquid,  without  Laste  or  odor.  Wher 
quantity^  however,  it  has  a  bluish  color.  It  is  a  p 
heat  and  electricity*  When  water  is  cooled  below  ( 
assumei?  Uie  solid  state,  called  ice.  When  the  temj 
tu  100*^  C.  (212*^  F.)  at  ordinary  atmospheric  prcssur 
gaseous  sLite,  callcxl  steam.  This  point  is  called  t 
The  boiling  point  is  higher  than  100^  C,  under  an  in 
Solid  matter  in  solution  raises  the  boiling  point  and 
ing  point.  Water  at  a  temperature  of  4^  C,  (39-2^ 
the  unit  of  specific  gravity  of  liquids  and  solids.  At 
it  possesses  its  greatest  density.  When  it  is  heated 
below  this  point,  it  expands  and  becomes  less  dens 
times  heavier  than  air  at  o^  C,  and  11,147  times  he 
gen.  Water  expands  quite  rapidly  and  with  great 
ing,  and  hence  ice  is  Ughter  than  water.  This  expai 
to  be  due  to  the  greater  space  required  for  the  molec 
themselves  into  crystals.  The  form  of  the  cn^stal 
agonal.  This  may  frequently  be  seen  in  small  sm 
Upon  a  dark  surface;  the  lines  of  the  three  equal  a 
seen  with  great  distinctness* 

The  variations  in  the  boiling  point  of  water  are  n 
those  of  the  freezing  point,  but  the  latter  is  subject  tt 
of  temperature.  Water  may  be  cooled  in  capillar)^  t 
(5°  F.)  before  it  solidifies,  if  the  lubes  remain  at  rest 
agitated  when  at  this  low  tempcniture,  the  wat( 
solidify*  Agitation  fa%'ors  the  movement  of  the  n 
p+isition  to  form  crystals,  and  hence  large  bodies  o3 
a  higher  temoerature  when   nritntnl  fw  a   fTfrntlii  I 
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bcre  are  comparatively  few  substances  which  are  totally  insoluble 
w-ater.  When  we  wish  lo  prepare  pure  water,  we  generalJy  resort 
the  proc^  of  distillation,  rejecting  tlie  first  twenty  per  cent,  of 
it  which  distils  over,  and  ako  the  last  twenty  per  cent.  It  k  by 
sans  an  easy  matter  to  prepare  absolutely  pure  water,  even  by 
process;  but  by  conducting  the  process  carefully,  with  the  above 
itkms«  we  may  obtain  a  water  pure  enough  for  all  ordinary 
—  ■  purposes.  Pure  water  is  generally  selected  as  the  solvent  of 
sul^tances  which  are  to  be  submitted  to  any  chemic;il  change, 
iuse  the  reactions  take  place  more  readily  in  solution  than  when 
solid  state,  and  because  water  is  a  neutral  body,  which  does 
compbcale  Oie  result  by  taking  part  in  the  action  iUieir  The 
of  water  is  liansparcnt,  invisible,  and  colorless.  Its  density  is 
and  its  sp,  gr,,  referred  to  air,  is  0,6254.  One  volume  of  water 
pfodace  1696  volumes  of  steam,  or,  approximately,  one  cubic 
indh  of  water  will  produce  one  cubic  foot  of  steam  at  100^  C  (aia°  F.), 
and  one  pound  will  render  latent  244  calories  in  evaporating. 

Ctiemical  Properties,— We  have  already  referred,  in  speaking 
of  the  preparation  of  water,  to  some  of  its  chemical  properties.  It 
tiniies  directly  with  many  metallic  oxides  to  form  bases  or  hydroxides, 
and  With  some  oxides  of  the  metalloids  to  form  acids. 

CaO  +  H,0  =  CaOA  -  base, 
SOj  +  HjO  -*  HjSO^  =  add. 
CO,  +  H3O  =^  H,COj    -  add. 

It  enters  into  a  feeble  union  with  most  metallic  salts  in  solution, 
dates  them  into  their  ions,  and  separates  with  them  when  they 
as  water  of  cn-stalli^eation.  Certain  substances  exhibit  a 
UHLfked  tendency  to  combine  with  water,  or  to  absorb  it  from  the 
air,  aod  are  used  in  the  libi>rator\^  as  drying  agents.  Among  these 
axe  calcittm  chloride,  sulphuric  acid,  and  phosphoric  pent  oxide. 

Hattiral  Waters* — Natural  waters  are  never  free  from  dh- 
solvit  impurities.  They  contain  gaseous,  liquid,  and  solid  impurities, 
tarying  according  to  the  source  %vhence  the  water  is  derived,  the  tem- 
peratitre,  the  nature  of  the  soil  or  rocks  over  which  it  has  flowed,  or 
the  state  of  the  air  at  the  time*  Natural  waters  may  be  dirided  into 
potable  (nr  drinkable),  mineral,  and  saline  waters. 

Potable  Waters,— To  this  cbss  belong  wellwater,  spring-water^ 
river-water,  lake- water,  and  ice- water. 

The  purest  natuial  waters  are  rain-  and  snow-water  from  moun- 
lamtis  and  country  districts.  The  purity  of  rain-water  varies  with 
Cbe  fcicalitjr  where  it  falls.  In  the  neighborhood  of  large  cities,  where 
the  afr  b  charged  with  the  products  of  large  factories,  etc,  it  will  con- 
tain wfaaterer  of  these  can  be  washed  out  of  the  air. 


ta 
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Su^dtitiic  add,  for  o^ample,  is  compamtivdy  abundant  in  tk  ] 
lir  of  hr^  dties.  Tbe  imiii-water  of  London,  as  given  by  Dr.  R.  | 
Aqgus  Smith,  amtains  20.5  parts  per  mlUionj  while  that  of  inkodl 
pliiOes  in  Ei^}and  contains  only  5,5  parts;  and  that  from  mkud] 
places  in  Scotbody  only  2  parts,  while  from  Glasgow  it  contained  701 
pajt^per  nullion. 

Tb^  source  of  the  sulphuric  add  is  mostly  the  combustiVm  of  coal  1 
oontaining  sulphur.  The  diloridcs  in  rain-water,  prindpaUy  scNlimiLi 
chloride,  van-  with  the  distance  from  the  sca-coiast, 

AQunonium  salts,  nitrates^  and  nitrites  are  found  in  sJiuUi 
quantities,  derived  from  decomposing  organic  matter  and  fn>m  thij 
combustion  of  coal.  Another  source  of  these  compounds  is 
oxidation  of  a  small  quantity  of  the  nitrpgen  of  the  air  by  omjm  gCA^I 
€rated  by  lightning.  Rain-water  also  contains  more  or  less  du^  aadj 
organic  matter,  which  it  washes  out  of  the  air  in  falling.  The  j^ 
fbuiifd  in  rain-water  are  carbon  dioxide,  CO3,  nitrogen,  osntgen,  and  1 
sometimes,  in  dties,  sulphur  dioxide,  SOj,  and  hydrogen  sulph^e,  H^ 

(CO,,  14   ) 

PeUgot's  anah'ses  show  J  Oxg>^en,      6.59  >  ex.  per  liter. 
(Nitrogen,  14.0   ) 

It  lAill  be  noticed  that  the  proportion  of  oxygen  in  the  air  of  rain- 
water is  about  twice  as  great  as  that  of  the  atmosphere. 

Rain-WBter»  as  ordinarily  collected  on  Toofs  of  bous«^^  £5  very  much  contam- 
nated  with  both  ai^mc  and  mineral  matter  washed  from  the  foof  on  wMch  il  falk. 
It  is  very  liable  to  bea>nae  putrid  irora.  the  detomptisitltiQ  of  this  organic  matter,  ind 
to  brcca  the  laxvae  of  certain  iitsccts.  Melted  snow  furmshes  a  waier  even  purtr 
than  rain-water,  especiaMy  if  wc  collect  that  which  falls  toward  the  end  of  4  ^tiif^i 

Ice-water  varies  very  much  in  pimly,  according  to  the  purity  of  ihe  waitr  irin 
which  the  ice  is  obtained.  Ice  is  always  purer  than  the  water  ftiora  which  it  l< 
fbimed,  and  when  obtained  irsyta  clear  lakes  or  rivers  it  is  often  the  purest  of  natuial 
watery  owing  to  the  fact  that  in  the  crystaUlzation  of  water,  or  fiee^ingp  it  Icai'es  ^ait 
of  the  dissolved  solids  and  g^SL^  in  ihe  remaining  water.  The  abfience  of  the  usui^ 
giascs,  however,  renders  ke-w-sicr  flat  to  the  taste. 

Spring-  and  well-waters  are  simply  rain-water  which  has  been 
filtered  through  a  more  or  less  thick  layer  of  soil.     The  natime  arid 
quantity  of  the  dissolved  matters  will  depend  upon  the  nature  of 
soil  antl  rock  through  which  it  percolates  or  over  which  it  flows. 

In  large  cities,  w*here  the  soU  is  saturated  with  filth*  the  w*ell-waters  art  very  iro- 
pur?,  while  in  well-drained  and  mountainous  country  districts  they  are  much  purer. 
Dangerous  organic  matter  may  filter  through  many  feet  of  soil  and  poison  the  water 
of  a  well  or  spring.  Shallow  wells  usuiiHy  contain  much  more  organic  and  lesi 
mineral  matter  than  deep  wells ,  and  are  therefore  more  likely  to  contain  dai^gerons 
or  unwhulesorae  matters.  Shallow  welts  are  t'ssentially  a  pit  for  the  reception  and 
accumulation  of  the  drainage  from  the  surrounding  soil.  For  convenience  they  are 
usually  situated  near  the  dwelling,  where  th«  soil  rtccivcs  more  or  less  household 
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V  watB  of  vuions  kidds,  ftod  toe  often  placerl  near  a  tc^t»o2  or  privy -vault.  The 
ifcf  «f  te  BOokfgicaJ  ch&xAclcr  of  the  ^liJ  b  sJmogt  entirely  obitteraled  by  this  local 
o^panlf.  Sudl  watcis.  even  when  disgustingly  impure,  arc  usually  bnghl,  spark- 
1%  MB^  ti^tablcf  juul  &re  often  much  appro v'cd  by  those  ^ccui^tomed  lo  their  use. 
Os^^clk  tn^y  be  regarded  as  those  which  draw  their  supply  from  a  depth  of  too 
fait  m  Bore  from  the  surface.  In  cases  where  the  supply  is  drawn  from  below  a 
p  tied  of  cldLy  or  of  impervious  rock,  the  well  may  be  considered  deep  when  such 
'  m  mv€.h  less  th^n  too  feet  below  the  surface.  Deep  welb  may  be  regartjed 
1  S|irli3gs,  as  both  a^rc  subjected  to  the  same  conditions. 

.  wells  aie  artificial  springs  formed  by  boring  Into  the  earth,  in  a  low- 

\  ^ktntt  s«ttipuiiiled  bj*  high  gn>und,  until  a  layer  of  rock  or  gravel  containing 

r  b  rc«£be«l,  siUiAted  between  two  impermeable  layers.     The  strata  must  be  so 

fVvidllialtiHrirotilcnjfiisoa  &  higher  pUne  than  the  surface  of  ihc  welL     In  such 

«■»  fbr  wmter  tise«to  the  surfsite  without  pumping,  and  ii^  cbamcter  b  determined 

If  1^  aftHisv  vl  tlie  rucks  in  which  the  water  is  found. 


^ 


S^trface    Waters, — These  comprise  river-,  pond-,  hke-,  and  sea- 
Thc  ^v^ter-supply  of  large  cities  is  usually  taken  frfjm  this 
cS  trmlcrSi  and  consists  of  spring- water  and  of  rain -water  which 
iflea  upon  n  considerable  area  of  count r}^    Surface  waters  usuaily 
bji;e  pro[K>nion  of  organic  and  mineral  ma  Iters.    Surface 
;  dmiiiiEig  from  a  cultivated  district,  contains  more  organic  and 
matlrr  than  thai  from  uncultivated  districts,  and  the  charac- 
kr  €(  k  b  cunsidcfably  influenced  by  application  of  fertiU^crs  to  the 
Riy^er*wiiters  are  often  contaminated   by   the  discharging  of 
mmi  refuse  into  them  from  towns  and  various  manufactories 
tbdr  banlcs. 

teristics  of  a  Good  Drinking-water,— (i)  It  should 
It  dear  and  limpid*  Cloudy  and  muddy  waters  should  be  avoided* 
(f)  It  dioold  be  colorless,  A  greenish  or  yellowish  color  is 
MaBy  due  to  vc^tablc  or  animal  matter  in  solution  or  to  organisms, 
(j)  It  ibottld  be  odorless;  esjiccially  free  from  sulphuretted 
bydwJfpMi  or  putrefactive  animal  matter.  (4)  It  should  not  be 
IM  coM,  but  .should  have  a  temperature  of  from  8°  C,  (46°  f\) 
Ut  i5.f'C(6o''  ¥.).  {5)  It  should  have  an  agreeable  taste; 
■idler  flat,  »altv,  nor  sweetish.  A  certain  amount  of  hanlncss  and 
^■alirfd  gaies  give  a  sparkling  taste.  It  should  contain  from  25  to 
SOCjt.  of  ipics  per  liter,  of  which  8  to  10  per  cent,  is  carbon  dioxide 
ifld  Ibe  notf  oijgcn  and  nitrogen.  The  air  of  natural  waters  is  richer 
^mr^pen  than  the  atmosphere  above  them — viz,,  about  33  per  cent. 
•f  oiygco  and  67  \kt  cent,  of  nilmgcn  when  the  water  h  fully  saiu- 
■IbI,  nitfeb  is  not  always  the  cast\  Highly  contaminated  waters 
■ttdf  aiolttin  ksm  oocyjcen  than  the  above  proportion,  l>ecau9e  it  Is 
Md  ap  in  ojtidixini;  the  organic  matter.  {(A  It  should  be  as  free 
"'  from  dissolved  organic  matter,  cspevi.iily  *^(  animal 
(7)  It   fthould   not   contain   too   great   an   amount   of 


w  iiLiiLutr  ijojimmy^  or  uiey  may 

is  tlie  object  of  the  analyst  to  determine,  as  ne 
nature  and  amoynt  of  impurities  found  in  a  watd 
opinion  as  to  its  heaithfulness. 

It  has  been  proven  beyond  doubt  that  water  i| 
inator  of  disease.    It  h  believed  that  the  disc 
cases  is  due  to  pathogenic  organisms,  and  that 
of  the  water  simply  accompanies  them  and  furnishe ' 
in  which  they  may  live  and  grow*    It  is  also  know  | 
isms  grow  best  in  solutions  of  animal  organic  malt 
matter  may  be  the  carrier  of  the  disease  germs; 
tatninated  with  animal  matters  are  looked  upon  a 
gerous  than  those  containing  vegetable  matter. 

It  is  evident  that  chemical  analysis  can  not 
producing  element,  although  it  can  tell  pure  from 

Several  methods  are  in  use  among  chemists  j 
forming  an  opinion  as  to  the  character  of  drii 
elements  usually  reliecl  u|K>n  in  a  saniUry  examin 
residue  left  on  evaporation,  the  loss  in  weight  of  t] 
tion  at  a  du!l  red  heat,  the  chlorides^  the  nitrates  £ 
niaj  organic  carlxm  and  nitrogen,  and  the  quan 
water  will  absorb  from  an  acid  solution  of  potassi 
Poisonous  metals  should^  of  course,  be  looked  for 
suspicion  of  their  presence. 

Total  Residue  and  Loss  on  Ignition.— The 
left  on  eva|X)ration  serves,  in  a  crude  way,  to  in 
of  solids,  but  is  only  approximate,  and  of  no  si^ 
reaches  more  than  30  or  40  grains  j^er  gallon.  T 
course,  vary  with  the  hardness,  or  the  amount  of  ; 
in  the  soiL 

Chlorine  in  potable  waters  is  very  largely  derm_ 
and  potassium  chlorides  qf^ 
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ioiixl  in  lh€  purest  waters  of  the  same  class,  of  that  district*    The 

mam  shoukl  always  be  taken  into  account  in  judging  of  the  quality 

I  W 1  water.     Proximity  to  the  sea  does  not  materially  affect  the  amount 

[  4  cUorioe  in   well-waters.    Too   much  dependence  should  not  be 

upon  the  amount  of  chlorine  in  the  water  as  a  means  of  judg* 

its  purity,  for  vegetable  matter  may  exist  in  dangerous  quantity 

its  presence  being  indicated  by  the  chlorine  present. 

>  m  r&timated  br  a  slandatd  $otutIoti  of  ai]g]eniic  mti^iiie, 

L — The  hardiiess  of  water  is  produced  principally  by 
(be  acid  cutioi^tcs  and  sulphates  of  calcium  and  magnesium.  The 
add  cailioaial^  sre  decomposed   by  boiling^  and  the  neutral  salts 

due  to  these  salts  is  called  **  temporary,*'  while  that  due 
of  these  met.ib  is  called  *' permanent  hardness/' 
of  water  seems  to  have  little  or  no  influence  upon  the 
of  those  who  use  it.  Temporarily  hard  waters  may  be 
by  adding  lime  in  sufficient  quantity  to  neutralize  the  excess 
if  caibofuc  acid  in  the  water,  when  the  carbonate,  CaCO,  or 
MgCO^  b  fonncd,  which  settles  to  the  bottom.  The  alkaline  car- 
N*,COt  and  K,CO^  may  be  used  to  precipitate  permanent 
aiid  sohen  the  u-ater.  Wood-ashes,  which  contain  the 
of  Aiem  sajts^  b  frequently  used  by  washerwomen  to  soften 
ior  vaAhliiK  ciDtiies. 

and   nitrites. — These   salts  are  usually   looked   upon 
of  former  cnniamination  of  a   water  by   nitrogenous 
matlcr*    The  dccomfjosition  of  nitrogenous  organic  matter  of 
oriigio  m  iraters  yields  at  first  aminSp  then  ammonia,  then 
and  finally  nitric  acid.    These  adds  combine  with  bases 
10  farm  salts  of  these  adds.     Rain-water  contains  a  small 
of  their  acidiy  but  a  lander  quantity  indicates  that  the  water 
h  unJeiyilifc  or  has  vr>  '  a  natural   process  of  purification 

fpQBl  aninal  inatters.    T:  [e  is  partially  due  to  direct  oxida- 

licMV  boi  iBore  parUcubfly  lo  liie  action  of  certain  micro-organisms 
«lddi  baf^e  the  pectitiar  power  of  converting  nitrogenous  organic 
oatier  totii  nitrites  ami  nitrates,  botli  in  water  and  in  sctiL  The  quan- 
tity of  these  oimpmincU  fr>und  usually  indicates  the  amount  of  matter 
Aaa  cfaowPPoawL  This  purifying  procef^  g>c»es  on  more  slowly  in 
fhit^  aiid^wke*watcra  tk-m  in  irnnmd  waiter,  because  the  exposure 
i*  **wf^n  h  nK)f«  complete  while  filtering  through  the  soil  than  in 
'  i  bodr  of  water.     Deqi  wells  may  .safely  contain  more  nitrates  than 


^vaierior  «aj 
■  opnic  matli 


> 


followmg:  Mate  3  solution  of  dipkenylamin  in  pure,  stmr 
froiti  nitric  or  nitrous  acids,  as  shown  by  a  duplicate  test  with 
a  Utile  pure  watcrr  to  make  a  clear  solution. 

To  the  suspected  water  add  one -ha  If  its  volume  of  the  sul 
drops  of  the  abovt  ^lutlon.  If  nitrates  or  mt rites  are  preset 
will  be  formed  at  once.  This  test  ma/  be  used  by  any  one,  i 
©f  the  safety  of  a  drinking-water 

To  detect  ihe  presence  of  nitrites  a  solution  of  metapben 
phuric  acid  may  be  used.  When  nitrites  are  present  the  ^1 
to  brown  color^  according  to  the  quantity  present. 

If  to  loo  ex.  of  water  we  add  i  c.c.  each  of  a  saturated  sc 
chloride,  sulphariilic  acid^  and  diluted  hydrochloric  acid  ( 
appears,  if  nitrites  are  present,  a  pink  color,  the  intensity  oJ 
to  the  quantity  present. 

Moist  Combustion,   or  Oxygen-consuming 

is  meant  I  he  uxidaliun  of  the  organic  matter  fa 
adding  to  it  a  measured  quantity  of  potassium  | 
some  sul[>huric  add,  and  determining  the  oxygen 
salt  by  the  tirganic  matter  prci^nt.  This  method 
Ijetween  veget^ible  and  animal  matters;  neither 
ox)^gen  consumed  in  oxidizing  nitrites  to  nttrat^i 
salts.    In  the  presence  of  these  salts  it  may  give 

Ammonia.— The  spontaneous  decomposition 
in  water  fin>t  affords  amins,  then  ammonia,  then 
nitrates.  This  fact  is  so  generally  conceded  as  to 
of  the  ammonia  in  a  water  a  very  important  par 
amitiation. 

The  ammonia  is  genera lly  spoken  of  as  "  free  t 
properly    ammonium    salts;    and     '*albuinino 
ammonia  from  amins  and  other  organic  nitro 
examination  of  a  water  should  always  include  a 
tion  of  the  '*free"  and  "albuminoid  "ammonia. 

Biological  Examination  of  Water.— ^ 
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fa  At  catt  of  womt  of  the  emojEoa.     Dissolved  orgamc  matter  in  a.  state  of  decompo- 
tfiDas0eveialiy  iDdkated  by  bictcna. 

Tke  pd3icj|»l  objccl  m  vicw«  in  these  eXciminaiioii^  h  lo  determine  tlie  numl^cr 
tioMainm  in  m  giveo  volume  (1  c.c.)  of  the  wsiter^  and,  tf  fioi>sJbkv  to  detcnnme 
Jh  ita/Ctew  of  these  organbtns.  The  cultivatiiin  of  ihe  organisms  requires  care 
ttdlkdl,  And  even  tlien  the  value  of  the  results  k  ofjcn  lo  great  quesiJon.  Patho- 
p«k  bactem  have  rarely  been  found  by  this  method,  and  ihe  cht  mital  methods  are 
ott  ftlkil  ttpcd^  While  much  b  to  be  hoped  for  in  the  future,  the  process  has  not 
ikm  kff  f^vm  faults  whkb^  takett  alone,  can  repbce  the  older  chemical  methods 
'  9m  fffeiii^  to.  Every  sanitary  analysis  should  comprise  both  methods  of  exami- 
Hi.  MXmk  sbcitild  al$o  include  a.11  inspection  of  the  source  of  the  water. 

Purification  of  Water. — Water  may  be  separated  hem  sus* 
unpurities  by  filtmiion^ — i*  f.,  by  passing  it  through  any  porous 
not  soluble  in  water,  as  clay,  sanely  charcoaJj  brick,  unglazed 
futbenware,  unsized  paper,  etc.  For  filtering  large  quantities  u( 
m^ta  for  dti^  or  manufactories,  sand  or  britj£  is  to  be  preferred* 

Wm  filteHiM  water  for  family  uae,  a  brick  partjUon  two  to  four  inches  thick , 
" ,  ffom  wall  to  wa.ll  in  a  cistern,  works  welt.  The  water  is  delivered  in  one 
kI  |»ttm|»rd  from  the  other  for  use-  It  is  tielter,  however,  to  have  the 
to  the  air  and  <:apable  of  bemg  cleaned  occasionaUy.  A  filter  wbith 
k^iltfl  uinl  fTttnitn  f  a  biftmif  in  the  bottom  of  which  several  botes  are  bored,  and 
flM  widi aUeniftle  layers  i.)f  gravd,  sand,  and  chanroal,  and  placed  over  the  mouth 
nf  iiV^tklKmof  lesrn'oir,  through  whkh  the  water  mav  be  lihcrcd.  Such  a  dlirr, 
vim  U^abfy  enadcf  will  nf  move  a  part  of  the  disiolve<J  organic  matters  as  well  as 
tded  mmJttcrsH  Fort>ti9  stone  6Ucn,  made  from  a  sflldous  stone,  are  to  be 
in  tht  market,  which  filter  rapidly  and  very  satisfactorily.  8^*0 ng\'  iron 
Wmdm  by  roastm^  hematite  with  coai,  are  still  more  active  in  destroying  organic 
r  mad  piilnrbi ;  >  But  few  of  the  various  forms  of  commercial  hiters 

>  tg^n>'Or^T>:  water;  on  the  contrary,  many  of  them,  after  being 

ior  •  abort  time,  mgin  tu  contaminate  the  water  whh  microscopic  urganisms 
i  t^cf  ^Bflior  in  ilidr  pores.  Filler*,  of  u  ngluted  porcelain  atr  now  in  the  mar- 
W^  «%fell  vfll  MWBUMm  tnl'  rt^^^n^'nt^ms  fr^-im  si>lutions.  Sand  filten^  are  most  efli- 
dnt  lor  fiteving  br^  *i  t  water  f<jr  the  supply  of  riUes.     Expienments 

htfv^l0««  tlial  a  ttod  n  •  t  in  depth,  when  the  water  passes  through  it  at 

Av  ait  mi  7.O00vOQ(^  i^k^n^  |irr  iU  re  a  day^  will  remove  Qf j.t}8  per  cent  of  the  bac-  : 
tmm  AMaained  in  the  wmUt.     U  has  been  shown  that  p^illutcd  waters  are  n^ndered  • 
:  liMisUem  by  such  titration.    Typhoid  fever  and  c  holers  gerois  are  almost  j 
dj  fgmofid  by  ttich  litters. 


ttait,  b  {irMittord. 


k  pfocess  i 
tm  olhpr^  theri- 


i«»|9csaL 

icveliriach 


In  the  AtMifJ 


r  agitation  of  the  water  with  angular 
<\  rt  combination  of  a  preiipilant  of 
lUints  sire  eilhrr  alum  or  a  ferric  5,1  H. 
:i mount  of  water  to  be  treated  is  not 
r  is  agitaU'd  Willi  iron  txirings^  In 


J  Initi  crltiKteF*  whirli  hjrm^  a  tcrlain  iimount  of  ferrous  carbonale  frfim  the 
cirtnQk  Jcid  t*f  ttur  ^Ttter  The  iem|JoraTy  hardness  is  thus  largely  removed  b^ 
^  ttmammi  id  cJbr  tud.      On  tifiosure  to  air  the  ferrous  carbonaie  is 

:h  jprwipitated.  ^ 


»i-ri :*>,  +  n  4  5IL0  -  Fe^otDt  +  jC^V 

«atrr  Is  iJico  filtrrtil  through  «nd.    The  organic  matter  is  larKely  it- 

r^«i^  ^  iMi  ptua^WK  8«  h  tbown  by  analyua,  a^  ihe  organisms  aa  well     llie 
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time  of  contact  of  the  water  and  iron  is  about  three  or  four  minutes.  This  procesi 
has  been  tried  in  some  larRC  cities,  and  is  highly  spoken  of. 

Orsanic  matter  may  be  largely  removed  from  water  by  precipitation  with  alua 
ferric  chloride,  or  copper  sulp£ite.  When  alum  is  added  lo  a  water,  it  is  decnn 
posed,  with  the  formation  of  the  hydroxide  which,  as  it  selilcs,  carries  down  will 
It  all  suspended  matters  and  a  large  part  of  the  dissolved  organic  matter  and  micR 
organisms.  From  one  to  two  grains  to  the  gallon  is  sufficient.  Ferric  salts  u 
CuSOf  behave  in  a  similar  manner.  Filtration  through  granulated  iron,  kq 
clean  by  agitation,  and  afterward  filtering  through  sand,  serves  to  remove  a  laq 
part  of  the  organic  matter  and  microbes. 

We  have  already  referred  to  methods  of  precipitating  the  hardness  from  wate 
Distillation,  as  a  means  of  purifying  water,  has  also  been  referred  to.  Fitczii 
purifies  water,  and  removes,  to  a  considerable  extent,  mineral  as  well  as  organ 
matter;  but  freezing  can  not  make  a  dangerous  water  safe.  Numerous  instano 
show  that  disease  may  be  communicated  as  surely  by  ice  as  by  unfrozen  water. 

Mineral  Waters. — Under  this  name  are  included  such  wate 
as,  from  some  dissolved  substances,  have  a  greater  or  less  therapeut 
value.  These  vary  so  much  in  the  character  of  the  dissolved  sul 
stances  that  no  exact  classification  of  them  can  be  made,  but  th( 
may  be  roughly  classified  as  follows: 
I  St.   Carbonated   waters,    those   which   are   charged   with   caifac 

dio.xide  or  carbonic  acid. 
2d.    Sulphuretted  waters,  those  which  contain  sulphides  of  h)^!! 

gen  or  one  of  the  alkaline  metals,   in  notable  quantitit 

They  are  used  for  baths  as  well  as  for  drinking. 
3d.    Alkaline  waters,   those  containing  considerable  quantities 

carbonates  or  bicarbonates  of  the  alkaline  metals — sodiui 

potassium,  or  lithium. 
4th.  Saline  waters,  those  containing  the  neutral  salts,  such  as  t 

chlorides,  bromides,  or  iodides  of  the  alkalies  or  alkali 

earths. 
5th.  Chalybeate  waters,   those  containing  some  one  of  the  coi 

pounds  of  iron.     Closely  allied  with  these  in  properties  2 

those  containing  manganese. 
6th.  Acid   waters,    those   containing   free   mineral   acids,    such 

hydrochloric  or  sulphuric  acid. 
7th.  Thermal  waters,  or  such  as  come  to  the  surface  at  a  tempei 

ture  abine  that  of  20®  C.  (68°  F.).     Some  of  these  sprir 

contiiin  so  little  mineral  matter  as  to  be  of  no   importan 

the  only  value,  if  any,  being  in  the  temperature.     They  i 

used  principally  for  baths. 
OflScial  Forms. — Aqua.  Potalle  water  in  its  purest  attainal 
state  (U.  S.  P.).  Aqua  destillata.  Take  of  water  1000  vols.;  di: 
100  vols.,  reject,  then  distil  800  vols.  (U.  S.  P.).  The  transparer 
or  color  of  distilleil  water  should  not  be  affected  by  lime-water;  i 
by  H^,  BaCl,,  AgNO,,  or  {y^ll,).C^O,,  etc. 
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Tbc  mp^m  of  ihc  U,  S,  P,,  or  medicated  waters  (eighteen  In 
),  are  solutions  of  a   gaseous   or  volatile   bxly  in  waler,  as 

rumnoniie,  aqua  anisL  A  Liquor  is  a  sc^lutioD  of  a  iixed  or 
hodff  a^  liquor  ferri  nitratis;  liquor  plumbi  subacetatis. 
AfccoctiOiD  ba  solution  made  with  boiling  water^  usually  of  a  vegetable 
ftcAKL.  An  infusion  is  a  stilulion  formed  by  subjecting  the  body 
far  a  sbort  time  to  boiling  water.  Maceration  is  the  long-con- 
timed  ACtjon  of  water  at  l^e  ordinary  temperature.  Digestion  is 
the  aime  with  hot  but  not  boiling  water.  Lixiyiation,  leaching,  or 
proolatioii  b  the  process  of  pouring  water  through  a  porous  mass 
of  am  sobstaoce,  for  the  purpot^  of  dissolving  out  soluble  matters. 

P^aioloclcal  Use.— Water  exists  m  all  the  tissues  of  the  body 
lad  io  &D  foods  and  drinks.  A  healthy  adult  takes,  on  an  average, 
aimit  J*5  Uters  of  water  in  twcnty-fuur  hours;  and  loses  by  the  skin, 
hlgv  kklDe>'Sf  and  feces  a  little  more  than  this;  the  excess  coming 
iran  the  oj^ation  of  the  hydrogen  of  the  food  and  tissues.  Water 
antfitatci  ttom  si;icty-rive  to  seventy  per  cent,  of  the  whole  body, 
baa^  m  s^itly  larger  proportion  in  the  }*oung  than  in  the  adult  body. 
The  water  in  ihe  tissue  serves  as  a  solvent  for  the  various  proximate 
intended  as  nourishment  for  the  tissues,  or  coming  from 
and  Intended  for  excretion.  The  evaporation  from  the 
to  oiny  off  the  superfluous  heat  of  the  body. 
Hydrogen  Dioxide,  Hydrogen  Peroxide,  lip.,  Aqua  Hy- 
^^npeiii  Dioxidi  (U,  S.  P,),  Liq.  Hydrogenii  Peroxidi  (Br.),— 
^^^Efft  in  timcc^  in  tbc  air^  in  rain-water,  and  snow,  but  not  in  natural 
^^^Kiad  {lOfel.  It  is  prubably  prcxluced  in  the  air  as  the  resuh  of: 
^^^^H^  e¥a{>oc&tion  of  sea  water.  (2)  The  oxidation  of  atTuospheric 
^HHI^i  asder  the  influence  of  ozone  generated  by  electric  discharges, 
J^tr  Ijl^rtning*  The  simplest  way  of  preparing  a  diluted  solution  of 
H/3,  k  i0  pafii  a  stream  of  CO,  through  water  containing  barium 
^  ~  V  B^Ojp  in  su^iension. 

Bao,  +  cOt  +  n,o  -  B*co«  +  n,Oy 

Tlic  insoluble  tiariufn  carlx>mite  niay  l*e  separHletl  by  filtration, 
flast  thfuiigh   astie^l«»s   filters.     This  s^^lution  may   then   be  Cf>ncen' 
by  evaporation  on  a  water-bath,  witliout  much  decomposition, 
[la  fact,  it  h  more  stable  than  formerly  supj^ised. 

The  n^mm^rdal  sohitionii  usually  contain  about  three  per  cent. 

't-al  or  glycerin  solutions  are  soId»  containing  %  and 

^__  .  U?i  purest  form  it  is  a  syrupy,  colorless  Hijuid,  having 

lOdpr  :  ^i^t  oC  chlorine  or  cijeone,  and  a  tingling,  meLdlic 

It  .,  .....  .,.^-^id  at  —30^  C  (—22°  FOi  but  at  a  temj>cniture 

#  lOO*  C*  C^  J***  f'*)  *t  rapidly  changes  Into  water  and  oxygen.     This 
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change  takes  place  slowly  even  at  ordinary  temperatures.  In  dilute 
solutions  it  is  much  more  stable,  and  may  be  boUed  without  suffCTing 
decomposition.  The  solutions  of  this  substance  are  decomposed  by 
many  fine  metallic  powders.  In  most  of  its  reactions  it  acts  as  an 
oxidizing  agent.  Aiqgentic  oxide,  however,  is  reduced  to  the  metallic 
state  by  it. 

Tests. — To  the  suspected  solution  add  a  little  starch  solution,  then  some  potas- 
sium iodide,  and  finally  a  few  drops  of  a  solution  of  ferrous  sulphate.  If  any 
hydrogen  peroxide  be  present,  a  blue  color  will  appear.    Very  delicate. 

Uses.— Hydrogen  dioxide  is  used  as  a  bleaching  agent  for  the 
hair  and  skin,  converting  brunettes  into  blondes.  It  is  often  used  to 
reno\'ate  old  pictures,  the  whites  of  which  have  become  dingy.  It 
has  been  used  as  a  disinfecting  application  to  ulcers,  in  ozena,  diph- 
theric and  scarlatinal  sore  throats,  or  where  the  membrane  has  in- 
\*aded  the  nose.  Also  in  abdominal  surgery  to  destroy  the  infectious 
property  of  pus.  It  is  also  used  as  a  test  for  pus  in  urine,  with 
which  it  causes  an  efiFervescence.  It  also  effervesces  with  blood. 
Mixed  with  ether,  it  forms  the  so-called  "ozonic  ether,"  used  ^ith 
tincture  of  guaiacum  as  a  test  for  blood  coloring-matter,  with  which 
this  mixture  strikes  an  indigo  blue  color. 


OXYGEN  AlfD  THE  CHLORINE  GROUP,  OR  GROUP  VH. 

Fluorine  forms  no  oxides  or  hydroxides. 

Chlorine  and  Oxygen. — There  are  two  oxides  of  chloriw 
known: 

CI9O,  Hypochlorous  Oxide  or  Anhydride. 

CIO,  or  CljO^  ChloiJgTetroxide  or  Chlorine  Peroxide. 

They  arc  unstable  a>mp6unds,  verj'  prone  to  decomposition,  am 
of  liulo  imix^rtance, 

Hypochlorous  Anhydride,  CljO,  obtained  by  acting  uix)h  mercuric  oxid 
with  kXtx  chlorine,  is  a  bKxxi-rtM  mobile  licjuid  Ik'Iow  5°  C.  (41°  F.). 

Hgl^  +  2CI,  =  HgCl,  +  CI3O. 

AKnr  this  temperature  it  is  a  yellowish,  pungent  gas,  resembling  chlorine  i 
many  of  its  prv>jvnii*s.  It  is  a  more  |X)werful  bleaching  and  disinfecting  agent  tha 
chK^rine,  owing  to  the  ease  with  which  it  decomposes.  Water  dissolves  200  time 
iis  >\\lume  of  the  gas,  forming  a  colorless  solution  of  hjrpochlorotis  acid.  Th 
h«)uid  \k\\>m|xv5es  with  a  slight  jar,  or  even  sjwntaneously,  separating  into  chlorin 
atni  oxx-gen*  The  acid  is  unimjxmant.  but  it  forms  a  series  of  salts  called  hypo 
chkirit*s.  Liquor  sodie  chlorinjitae  {l\  S.  P.)  (Labarranue's  solution)  an 
chlorinated  lim«  air  im(x>rtant  ci>m[x>unds,  containing  the  hypochlorites  mixe 
with  the  V  hkvides  of  the  meuls. 


SULPHTIE* 


nr 


tetlQXlie,  CltO^  may  be  obtained*  as  a  yctlow,  ejcplosive  gaa,  bj^ 
chkmte  with  slivng  sulphuric  acid.  Ii  is  a  powerful  oxidising 
o*  C.  (  ^4^  F.)  it  IS  an  orange-red  liquid*     It  forms  no  corrq- 

,  HClOg^  and  perchloric  acid,  HCJOg,  are  also  known,  but  am 
d,  like  those  before  tnentioned,  are  powerful  oxidising  agents. 
icyorate  is  the  only  salt  of  note^  which  will  he  described  uodcr  potassium, 
Oxf gtn* — No  oxides  of  bromine  are  known.  There  are, 
tllive  acids  known,  corresp^mding  to  those  of  chkjrine.  They  are  hypo- 
^mmiaam  moAf  HBrO,  bfximic  acid,  ilBKJ^  and  perbromtc  acid,  HBrU,. 
Tkrf  azv  of  Jtttle  impattanct?,  and  but  one  salt  of  the  three  acids  is  of  mtea^l  to  the 
plMdaa,  mud  that  u  sodium  hypohroniite,  NaBK3,  used  a.^  a  reagent  for  the 
'^  ion  of  urea.  Il  is  prepared  in  solution  by  adding  bromine  lo  a  solution  of 
h74lt)z]de,  taiung  care  to  keep  the  mixture  cool  by  immersion  in  cold  water* 

iNaOH  +  Brj  -  NaOBr  +  NaBr  +  B^O, 

ssd  OiygcHi— But  one  oxide  of  iodine  is  known  with  certainty — iodine 

)r  iadk:  anhydride,  Ifig,     It  is  formed  when  tcxlic  acid  b  heated  lo 

Ci'fjjS*  FJ.     Two  oxygen  acids  ajc  known — iodic,  HIOji,  and  peritHlic, 

A  ■oiudoD  of  KIO  b  prepared  by  adding  I  to  a  solution  of  KOH.     It  is 

*  looei  changes  to  RIO^    The  fii^  is  obtained  by  treating  ifjdinc  with 

d  the  second  by  pa^ng  chlorine  through  a  solution  of  iodine  in  water. 

6H^O  +  I,  +  5CI,  -  loHCl  +  2HIO,. 

ne  fiist,  when  pore,  appears  as  a  wb'te  crystatlme  solid,  and  the  second  as 
'--'■ ^^      Biodi  Mt  very  soluble  10  watcr^  arc  easily  decomposed,  and  form 


SULPHUR. 

Gnfi^.a.    Deoaityof  Vapor,52.    Melts  at  115*^  C,  (ajo^F,),   Den- 
iltj  of  Vapor  at  500^  C.  igs^""  F/),  95.94  »  %;  at  looo""  C. 
iiSia^  F.),  31,98  =  Sr 

fc,— Sulphur  was  known  to  the  ancients.  It  occurs  in 
regions.  The  mo*»t  important  localities  are  Sicily  and  Icehmd, 
Il  brgr  qiKintities  are  found  in  Jajuin,  in  the  YeUowstcme  Park 
IIk  Vmttd  Stoics,  and  in  Mexico,  The  sulphur  occurs  native, 
witli  cky,  in>m  %hkh  it  k  sepanitcd  by  distillation  or  by  fusion, 
Tluft  cleinefst  alsr^  [>ccur&  as  sulphates  in  the  minenils  g>^sum, 
CiSO^aAc|»  and  barile,  BaSO^,  and  as  sulphides  of  iron,  copper, 
mAii^  ftodf  in  fact,  with  many  of  the  metals;  abt»  as  a  precipitate 
ftom  waUhar  watet^  The  following  equation  explains  its  deposition 
Irw  ji^  waters: 

tapttnitioo*— it  is  prepared  fn>m    the    native    sulphur,  found 
Mind  nidi  toorc  or  leas  earth,  in  the  volcanic  regions  of  Sicily,  by 


*^'C.   S^.—RiriHINO    SUIPBDI. 


Sulphur  is  also  obtainw)  ;« 
P'Ung  it  in  heaps  mfxS  lh\^"  '''•^^''*'<=^  f^m 
ore  gives  up  a  LnZf.  "^f  ,  ^'°«d-  *"  which  fire  i 

Physical    PropeSiyiJ^P-.3FeS,=  Fe,S 


^ppksDl,  benxene,    benzine,    and    chloroform.      The   best   solvenl 
H  aiboQ  disialphMe,  loo  parts  of  which  dissolve  46  parts  of  sulphur  a^ 
n  oRliBiij  lempeTatures. 
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■tc  Forms, — Sulphur  is  capable  of  existing  in  four  aUotropic  modifioi* 

cry^tiilifl^  and  two  amorphous  and  plastic,  Q)  The  ficat  varjety  la  tjmt 

Tt^  »nd  occqia  «s  octmbcdra.    It  is  freely  solubte  in  ca rbcm  msulphide, 

I  Be  ciyMMi  icPfli^^BrW&poradon^\^Thc;  second  variety  is  produced 

||P^^^^gng|m^l^r*^  t**lnLhnr  mv-lfi-rl  ^|  jjjgjj  Ictuperattm^r   THis  vailety  occurs 

aim,  iitic  pmms,  of  sp.  gr.  i.gS,  soluble  in  car- 

,  snd  i,:  :  ,;  mto  the  iirst  varie^-.     Since  it  crystallizes 


is  two  diwiiet  fofinst  sulpbur  ts  said  to  be  dimorphous.  Sul]jhur  melts  at  about 
U|* C-  (>J9®  F*)  to  a  yellowish  liquid;  on  raidng  the  lemperaiure  lo  about  200=*  C, 
Lljgtj*  FJ.  it  becowies  viscid  and  dark  colored,  and  can  noi  be  poured  f mm  the  vessel; 


■lali^^ef  tempejatjim  approMchiqg  its  boiling  F^int,  it  asE^^r^  ^;>^f-nmF^  lir^qid_  (djjf^ 
llMMitlA  Has  sccoDid  liqUd  sulc,  be  suddemj  cooled  by  pouring  into  culd  widerT* 

rtmvmf i  piuuL,  sumAiu  niis,  e^ou  m  E^^ju^oid^tin^e  wax.  This 

^ne^«  &£  iIk  pfiecedizigypaoiiaUy  changes  into  the  first  variifty^  becoming  apaquet  a 
|dbw.  «ail  OTsiaIUitc.'*?Tflie  JbuTth  vajiety  is  a  white,  arnoTphous  powdc 
ifclK^illl  florJera  of  sulphur  when  stiipnur  is  distiBcd  and  sudd<^Biy  JiSd^T 


wdcr^for 


Ckentical  Properties p^-l^lieti  h^ted  Iti  the  air,  sulphur  takes 
fit  ud  boms  with  a  pale  blue  flame,  and  evolves  abundant  fumes 
of  Xi^iburous  anhydride,  SOj,  It  is  generally  strongly  electronega- 
tive, ud  rtiembles  oxygen  in  many  of  its  comixiunds.  In  a  few 
cwpoynds  it  is  electropositj%*c.  It  unites  directly  with  myny  of  the 
nelaliit  especially  when  in  the  melted  stale,  some  metals  taking  fire 
tad  bttfnfng  readily  in  its  vapor.  It  forms  the  basis  of  a  large  and 
»dlll  daas  of  compounds,  many  of  which  resemble  in  composition 
the  conespcmdiiig  compounds  of  oiygen. 

Tbt»»  aubon  disulphide,  CSj,  corresponds  to  carbon  dioxide,  CO3. 
Cofiopoodiiig  to  h)*drogen  oxide,  ILO,  wc  have  hydrogen  sulphide, 
HJS;  aid  lo  cymtiic  add,  CNOH,  we  have  sulphocyanic  acid,  CNSH. 
Cotre^mixfillg  t<>  raibonic  acid,  HjCO^,  we  have  sulphocarbonic 
idd«  H|CS^  in  which  the  sulphur  pkys  the  part  of  a  linking  atom, 

Dfes*— Sulphur  h  u:?cd  in  the  arts,  in  the  manufacture  of  sulphuric 
idd«  H,SO|r  as  oi  bleadiing  agent  for  «^traw  and  woolen  g<^i*ls,  and  in 
the  imiKiiftctaTe  of  matches  and  gunpnvdcr.  In  medicine  it  is  used 
Si  a  pansttiddc,  and  as  a  gentle  kiEtivei  although  not  so  frequently 
M$  foriiicrlv.     It  i%  innficuous. 

OBkiMl  Fonn8,--(t)  Sulphur  sublimatum  (U.  5.  P.,  Br.), 
caoiDeniftl  flcwefs  of  sulphur.  (1)  Sulphur  lotum,  washed  sulphur 
fU.  S*  P*).  Flm/rers  of  sulphur  usufdly  rnntain  a  small  qtiantity  of 
si^pkurotui  oridc,  which  h  removed  by  digesting  the  jKJwder  for  three 
di)n  h  a  dillile  »ic»]ution  of  ammonia  water,  then  thonmghly  washing 
wiA  wMi€T  k>    remove  the  ammonia.    (3}  Sulphur    preeclpitatum 


:n:.^  ."TsiricfTtT. 


I  ■   :•  'U::ii  sl:-— r^fi 


1?   :hen  diluted  and 


'iTsrr.ruiz  ig;:rgur^ 


:r::rj:    "cr"    >.i: -:.■;.   rrn:j.:n>  in  solution. 

L^i  ■    v.\.:^:1-l   V  ir.  T.-i-T  ur.lil  frte  from 

i.    V    :» 'V  iji*-     ;*_-nl-    ^^^'.ie^.^:ed  in  water. 

'   :  .    *i*     ;:tl..->  ifieen  {»er  cent,  of 

-  .:•:;    ■:  :.:-.:   .T.-fz  hnl.    The  Br. 

:.".    .1:   >^::ii-r  ir.-i   r-iriCiy  ].ier  cent. 

:ur.   :•: -iTr  :::    pulris  glycyrrhizft 


R«;!-,\Ff:    Si:Jr^-^T:       "^  r..-i  ■..-»:>     if   f  _'.;.  hur   .ir.d  hydro- 

.'-  J".:    -liii!.':!:     r",^.    --.•£    r.}\ir\>5en  ])cr- 

'   X  '      ^-       '.       i-  >..~t:':-:    L-:tn:*>t    to   merit 

-  -       Fi-i'.vf-i   suintiinf.,   r]rir.t?=^phuric   acid,  and 

•-..  — •r*^    ^'^••;•x•^^    •'■    -  '    '  ■"■  .-*   ■• — ^■•"-     ^*  i?  :  und  in  vol- 

>-,         >     -      •       ■-    --■.>.-.  r:^- ;  .:   :he  decomposi- 

-^-..:.*.    r;.  ■*.:-:   r.  r.uir/lr.g  sulphur. 
:■■:•:.■:::?    r^y    I*    made  to 

■^-,.  1- --.:.  V  ■•.      '-  :■-:  ...-.-.-   i:  :>  :o  act  upon 

'<   ^      •  :^^    ■    .r   ...  >:e  5-I:^huric  acid. 


:  :-r.  unpleasant 
::?.  :  '  which  it 
.  :r.  ::>  densitv 
.  :  -70^  C. 
:r^  C.  (50-  FO. 
->5-  C.  (—121^ 

-1.  r.ur  u<  oxide 


:  r  ••./.vtsi.  while 
r!::c.  bromine, 


SULPHUR  AND   HYDKOGEN. 


141 


ung  e gents  in  general.  It  Is  also  deoomposcxl  by 
ad^ibttioits  o3tidc,  A  solution  of  sulphurelted  hydrogen  does  not  keep 
kmg  whco  cxpocacd  to  the  air*  The  oxygen  of  the  air  unites  with 
Ike  [|>'drogen  of  H^S,  fonning  water  and  causing  the  sulphur  to  be 
nicipit&tBiL 

3H^  +  O,  -  aHtO  +  S^ 

When  die  gas  is  allowed  to  bubble  through  a  solution  of  an  alkaline 
bjdiimcle,  the  sulphur  and  oxygen  exchange  places,  with  the  forma- 
tm  of  a  ^phydmle. 

KOH  +  H^  «  KSH  +  H,0. 

^When  HjS  is  passed  through  a  solution  of  metallic  salt,  it 
ay  imtances,  a  sulphide  of  the  melaK 

CuSO^  +  H^  -  CuS  +  H^O,. 

OG  this  acci>iint,  largely  used  in  the  laboratory  as  a  reagent  in 
^  Mifiliili%*e  analysis  for  the  separation  of  the  metals  from  one  another. 
-^*Ife  metiJs  whose  sulphides  are  precipitated  by  H^S  in  an  acid  solu-^ 
ibm  a«  ^ver,  inefcurous  marcur>%  and  lead  if  not  previously  reinoved, 
Ai  tbcT  arc  in  the  usual  course  of  analysis.  Also  the  sulphides  of 
■aid,  pUtinum,  arsenic,  antimony,  tin,  copper,  mercuric  mercurj', 
Stauxui,  and  cmimlum*  The  sulphides  of  nickel^  cobalt,  iron,  zinc, 
Mad  Qiftiigaxicse  are  not  precipitated  in  an  add  solution,  but  are  pre- 
dpjlftt^  in  ffn  nlkiiline  solution.  By  the  use  of  H^S  we  have  a  means 
cl  iepflir  -<c  two  groups  of  metals.     Minute  quantities  of  HjS. 

by  the  odor,  or  by  the  brown  or  black  color  the  gas  * 
Id  a  paper  mcij^tened  with  a  soluliun  of  plumbic  acetate, 
Phftiokiclcal  Properties,— When  inhaled,  it  is  not  an  irritant, 
bat  m  sarcotir  p*ison,  even  when  largely  diluted  with  air.  Acconiing 
la  Fanuiay,  birds  die  in  air  containing  ^Air  ^^  ***  ^"^  ^^g^  *^  ^i^ 
QiBlaining  f-)f.  Accorrbng  to  Letheby^  human  beings  can  not  live 
k  la  atmosphere  contiining  more  than  one  per  cent.  Its  action  is 
priDdfttBy  a*  a  reducing  agent  ufKjn  the  haemoglobin  of  the  blood, 
lad  pre^^etits  it  fmm  ab^>rbtng  *ixygen,  although  it  probably  docs 
IDl  oombcfie  with  it  (Wurtx.)  Ilydrosuiphuric  acid  is  formed  in 
Ihe  iolcittiiei  fmm  the  dectimpisitiun  of  albuminous  matters, 
wfff^liy  whcfi  I  bene  is  any  im]>ediment  to  digestion  or  to  the 
mmtrd  marcmenl   of   the   intestinal   omtents.      It  also  sometime 

facoui  in  abtfceses,  in  the  urine,  and  in  the  bladder, 
Thb  gaa  it  almM  a  constant  ingredient  in  the  gases  of  sewers  and 
pciiT*-fllUidi>  existing  frer  or  (ombincd  with  nmmfmium  as  ammonium 
i^liljMlUt      Poisoning  by  this  gas  may  t>e  acute  or  chronic.    The 
hmr  ti  moR  cxmimon,  p^Khu  ing  a  fei^rilc  statep  with  mahuse  and 


1:4-:  MEDICAL  CHEXISTKY. 

refreru  ^eccStr.  Tht  fatil  cttccts  of  sewer-air  are  sometimes  due  to 
rr-ij  5:r:i  :c  ^xsecfna:.  Occasionally  this  gas  is  so  concentrated  in 
sf¥fr^  i:»i:  r>.-^e  wi?  enter  them  suffer  with  acute  poisoning,  falling 
il-:s-!?c  JTr^izrly.  i3i.  ii  aot  rescued,  d\-ing  in  a  siiort  time.  The 
r«.r=ec-  iz  sici  ciies,  fhouid  consist  in  gi\ing  the  patient  pure  air, 
.c  :.r^'ir;c*  -^iii  :rj.=«i_v  aad  water.  Chlorine  water,  or  a  mixture  d 
T«:cL5i=i  -=.  :iij:ri.:e  ±=fi  dilute  h^-drochloric  acid,  may  be  administered 
rzirn^LS'.  Wxs,  ziken  by  the  stomach  it  is  almost  harmless,  and 
-  :!K  5r=  :c  riir-ini  minend  water  it  is  a  popular  remedy  for 
-^i-.-  nm>c:^  ^:c:.  jol  oKtain  skin  diseases. 

SCLPSTR  wuh  chlordie,  bromdie,  akd  iodihe. 


CUonie.— S^C^  A  jvlt^v,  volatile,  fuming  liquid,  having  a 
icr«?-rc  -?i:'«*±r  i:e  sulphur  .lad  sulphuric  chloride,  and  formed  by  distiUing 
-.;-::ir  --  ;:  l.z  i;-r»."*rcir~  j*  ^ijjeiae  gas*  A  solution  of  sulphur  in  thb  Kquid  h 
^•src  ii  i-iiL-j.T:.:L?u:  rirc*rr,      li  s  deoxnposed  by  water,  but  mixes  with  benxene 

SiB;^i&^r>;  c^jjffiAe«  SsT^  xai  srreral  ojcychlorides  are  known.  Bromint 
A-nn,"^   ::r^ji"   v'-.i  iulrc-r  :%>  Kxra  a  red,  unstable  liquid,  probably  consisting 

j«'^CL3ir  i  -^1  jir'^iyftTr'  j-.-n'ixae  liireciLT  when  gently  heated,  even  under  water. 

5(&^iibsr»  Iji£3£=;a  V.  >.  P.  a:>i  Br.'\ — When  Sc'j>arts  of  iodine  and  20  parts 
.*!  >xi_  ;•? ,.-  jLTt  r«x:^i  i.ofiSfr-  tbey  ksrrtx  a  <teel-gray.  cr^'stalline  mass,  S^,  said  to 
X'  1  .-X  v^'.^i.  -xTk-ri  :-\>;rii:i  >jun  dsseaarsw  It  melts  at  60**  C.  (140®  F.)i  aodia 
j'>v.  li.  :iL'  .r  vir^r      vr-niKr  3.>fi5»  b^ve  been  described  but  are  unimportant 

SULPHUR  AFD  OXTGEH. 
T^  :\C.»;  'iir^  o.x>i<s  jL:>i  ^cids  c^'  sulphur  are  known: 

>  <  •.  S^dpSmr  dioxide,  or  Sn^uroos  anhydride. 
5>..  .\  So^Enxr  sesqfoioxide. 

>  \r  ^  S^dphor  trxuQde,  or  Sulphuric  anhydride. 
<.,  .V  *  ^naalphnric  anhydride. 

:^^  Hi^drosatelniric  acid. 

':*.->>'.  Hjrpcwiilplwiroos  add. 

j:   ~:v<.\  ^^Bdphnroos  add. 

4.    >-■->  \  ^aSphnric  add. 
5    :•  .V.    ,,  ,\-  K<vV  I^ersoAplmric  add. 

^    '' ■>    ^>  Hikwlphnric  add.     ( SalL<  only  are  known.) 

V.  <..  V  Prna«ii£plniric  add.    Hordhausen  Add. 

S   :-.:S,.\  Dithkcnc  add. 

':*>^.  >^  Trithsooic  add. 

•,\  V.>.-\.  Tetnthsonic add. 

:-«r^.v>..  I^Mitatbi<»uc  add. 

A  VA  oriV.  of  th:>  liiw  number  of  ompounds  are  of  sufficien 
ittt^vct.;r50f  ^^  ^e  vies. rtixvi  hew. 

^^ftlphuivHis  Oxide  w  Anhydride,  SO..— Preparation.— (i)  1 
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aj  be  prepared  by  burning  suJphur  in  the  air.    (2)  By  hating  sul- 
— 'r  add  wiih  copper  turnings^  sulphur,  or  carbon* 

Cu  +  2H^0,  =  CuSO^  +  SOj  +  2H,0. 

ordiog  lo  tbe  U.  S.  P.  and  Bn,  charcoal  is  used: 

sH^O^  +  C  ^  2H/>  +  aSO,  +  CO*. 

Physical    Properties.— A  coloring  gas,  having  a  pungent,  suffo- 
odor  anjd  a  disagreeable  acid  taste.     It  is  very  soluble  in  water, 
which  it  combines  to  form  an  unstable  sulphurous  add,  emitting 
I  odor  of  the  ga^. 

SO,  +  H/)  =  H^O^ 

I  ii  very  saluble  in  alcohoL    The  specific  gravity  of  the  official  add  is 
'ijdjS  at  1^  C,  {59^  F,).    The  density  of  the  gas  is  3a;    sp.  gr. 
(air  ^  1),  2,254.    Below  — lo^  C  (14°  F,)  it  is  a  colorless,  mobile 
liquid,  which  solidifies  at  —'JS'^  C  ( — loj*^  F,}- 

Addum  sttlphurostim  (U,  S.  P.,  Bn)  is  a  colorless  liquid  containing 
not  Itss  than  6,4  percent  by  weight  of  sulphur  dioxide).     Not  less  than 
c  per  cent.  (Br). 

Chemical  Properties. — SO,  is   non-com bustible^   and   wlU  not 
combustion  or  respiration.     It  combines  with  water  to  form 
irous    add,  and    hence    is    an    anhydride.    Nascent    hydrogen 
icdttccs  it  to  H^  and  water.     It  is  a  valuable  reducing  agent,  easily 
tilicig  np  oxygen  to  form  sulphuric  anhydride  or  acid.     It  is  a  bleach- 
disinfecting,  and  deckiorizing  agent  of  considerable  value.    It 
ich^  moUt  vegetable  colors,  although  not  permanently  destroying 
The  exjlors  may  be  restored  by  an  alkali  or  by  weak  chlorine 
Iter.     It  is  used  prindpally  for  straw,  siik^  and  woolen  goods.     Its 
idling  action  is  due  to  its  absorption  of  oxygen  from  water. 

SO,  -^  2UJ3  -  H^O<  +  H^ 

f  oascent  hydiogen  reduces  the  coloring-matter,  with  the  formation 
^  oalorifcis  compounds.  It  decomposer  hydrogen  sulphide  and,  when 
Dtisted,  destroys  many  forms  of  m]cnisc<3pic  life,  and  is  much 
as  a  disinfectant  of  rooms  after  contagious  diseases.  Although 
not  «i  attire  as  chlorine,  it  is  preferred,  because  it  does  not  corrode 
adab  or  bleach  fabrics,  if  dry.  To  apply  it,  close  the  room  and 
bisni  about  three  pounds  of  sulphur  for  every  1000  cubic  feet  of  air, 
leaving  the  mom  closed  for  fnom  six  to  eight  hours- 

Sulphumus  acid  forms  two  series  of  salts,  the  neutral  and  the  acid 
li»    They  are  used  as  antiferments  or  antizymotics, 
Fses.— The  sulphites  and  thiosulphates  (h>T)osulphites)  are  used 
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interimJlyj   in  zymotic  diseases,  gastric  fermentations,  sarcinse,  etc; 

als<i  locally,  in  er^^sijjelas  and  poisoned  wounds.  The  sulphite  and 
thiosulphatcs  of  the  alkaline  metals  are  used  for  the  same  indications 
as  tlie  acid.  Thiosulphate  of  stxlium  is  prepared  by  digesting  sidphur 
with  sulphite  of  sodium.  It  is  used  in  photography  and  electroroetaJ- 
lurgy^  as  a  solvent  for  the  sih^er  salts.  Dose  of  the  official  acid,  i  to 
4  ex.  {nixv  to  f5j),  largely  diluted.  Dose  of  sodiuna  sulphite  or  thiosui* 
phate,  0.65  to  3.0  (gr.  x  to  gr.  1), 

Sulphuric  anhydride,  SOj,  is  obtained  by  di^jtillmg  ITonl- 
hausen  acid,  as  white,  silky  prisms^  hissing  when  dnjp{>ed  upm 
wateri  from  the  energy  with  which  ihey  combine.  Sulphuric  anhydride 
is  aLso  made  in  large  guantUies  by  passing  purified  SO^  and  air  thn>ugh 
cylinders  containing  a  mkture  of  finely  divided  platinum  and  asbestos. 
The  SOj  and  oxygen  of  the  air  combine  directly  to  form  SO^  By 
conducting  the  fumes  into  vi^cak  sulphuric  add  an  acid  of  any  desired 
strength  may  be  prepared.  The  cr\*st3ls  melt  at  18.3°  C  (65^  F.) 
and  boil  at  43^  C  {110*^  F.).  It  does  not  redden  dr>'  litmus  paper. 
It  h:is  a  powerful  affinity  for  water,  absorbing  it  frfim  the  atmospheft. 

Sulphuric  Acid,  Hydrogen  Sulphate,  Oil  of  Vitriol,  Acidiim 
Sulphuricum*— HjSO^  =  98,07.  The  commercial  acid  is  prepared 
in  large  quantities  directly  frtjm  iron  pyrites.  The  process  Is  in- 
ducted in  large  chambers  lined  with  sheet -lead.  Into  these  chambers 
sulphurous  oxide  pours  from  a  furnace  in  which  the  pyrites  is  roasted, 
along  with  a  free  supply  of  air.  In  some  factories  sulphur  is  bumeJ 
to  supply  the  SO3,  as  it  furnishes  a  purer  acid,  although  it  h  more 
expensive.  The  acid  made  from  pyrites  very  often  contains  appit- 
dable  quantities  of  arsenic. 


I 


S,  +  aOa  -  aSOj. 


In  the  same  furnace  is  placed  a  crucible  containing  sodium  njHai 
and   sulphuric  acid,  for   the   puq>ose  of  preparing  and    volatilising 
nitric  acid,  which  is  carried  into  the  chamber  with  the  SO^  and  air. 

The  nitric  acid  unites  with  a  portion  of  the  SO,  to  form  nltrosyl- 

sulphuric  acid. 

(i)    2HNO,  +  3SO,  -  2SOs<gZN0. 


I 


This  nitrosyl-sulphuric  acid  reacts  with  the  water  thus  produced 
and  with  more  water  which  is  suppHed  by  a  jet  of  steam  thrown  con- 
stantly into  the  chamber,  as  follows: 


i 


SCTLPHTR   AND   OXYGEN, 


m 


Or,  with  SO^  Oj,  and  H^O^  as  follows; 

is)     aSO^OH^XO,  +  SO,  +  O  H-  Hfi  -  jH^SO,  +  N,0^ 

The  NjO-  is  then  ready  to  reaa  with  a  fresh  quantity  of  SO,  as 
Mows: 

U>    aSO,  +  NA  +  O  +  lIjO  -  2SOyOH.NO,. 

Titus  the  process  is  kept  up  as  long  as  the  SO^,  air,  steam,  and 
KSO^  or  NjO,  are  suppiicd.  The  add  condenses  with  the  water 
m  the  floor  of  the  chambers,  and  when  it  reaches  a  sp,  gr,  of  1.55 
(dMunber  acid)  ji  is  drawn  off  into  large  leaden  pans  and  evaporated 
to  1  »|j.  gr.  of  1.746  (pan  acid),  containing  seventy-eight  per  cent 
&t  H^SO^  when  it  begins  to  dissolve  the  lead*     It  is  then  dnwvn  off 

linuin  stills  and  the  concentration  completed- 

— The    commercial    acid    is  a   heavy,    corrosive,   oily 

alien  of  a  brownish  lint,  and  has  a  sp*  gr.  of  1.83  to  1.S45; 
Ittttxe^  with  wuier  in  all  proportions,  combining  with  a  certain  quan- 
lity  I0  pfoduce  at  fir^t  HjSOj^,  and  finally  orthosulphuric  acid,  HgSO,^^ 
t^  ifar  cvojytion  of  considerable  heat.  The  concentrated  acid  ab- 
vibi  mii^ure,  and  is  used  as  a  desiccating  agent.  Gases,  allowed 
litbtihtilc  through  it^  are  deprived  of  their  moisture.  It  chars  organic 
mSScr  jLod  ctinxKl^s  animal  tissue.  Paper  dipped  in  a  cooled  mixture 
il  tvti  parts  of  the  arid  and  one  of  water,  and  then  quickly  washed, 
m  cnovcrted  into  parchment  paper,  StarcJi  or  cellulose,  when  boiled 
irilll  the  dthlte  aci(i»  k  cbangedj  by  hydrolysis,  into  glucose  or  grape- 

Zc;  and  cme-sagar  Into  dextrose  and  levulose.  In  this  action  it 
trs  like  Ihc  sohihle  fcrroents,  diastase,  pepsin,  trypsin,  etc.,  and 
ftKlnilem  the  so-called  catalytic  action  of  certain  bodies.  The  dilute 
ac&l  ism  solutinn  of  H^SO^  in  water.  On  boiling  this  with  the  above- 
■iflial  bodiesL,  il  imparts  a  portion  of  its  water  to  the  organic  body,  and 
takm  up  niiore  water  fri>m  the  Si>lution  to  supply  its  place.  Sulphuric 
add  »  a  powerful  diba*^ic  acid,  forming  a  seri<s  of  salts  called  sul- 
}hatCl,  all  crmtaining  the  SO|  gn>up  of  atoms.  It  also  forms  a  series 
fli  sdd  «ilphatcs--'HlCSO^,  HNaSf  >^.  Owing  to  the  powerful  aBinilies 
d  Ihii  mM^  H  u^aHy  removes  the  metal  or  positive  r^diciil  fmm  the 
•fti  vitii  off  vnd  sets  the  latter  free,     Il  forms  insnkihte  pre 

c^»{titcs  witii  '►^  of  b-irium,  lead,  strontium,  and  with  calcium 

il  CoDcentnited  solutions,     Thk  should  be  remembered  in  adding  it 
^.  H*  {NTBCTiptitm^.     The  other  sulphatus  arc  soluble  in  water, 
H      Kiikal   Effects.— \\1ien   dilute,  It    is    tonic    and    astringent. 
^V  When  cmcrntnUed,  of  in  large  doses,  it  is  a  Dirrosive  poison.     And* 
B  itee:  Hl1le«llU^plestatS^(Iiumbica^l><matt^, or  iither  alkaline  l:H>dy;  best 

OBcia]  Fonili.^Acidtim  sulphuricum  (U.  S.  P.,  Br.)<     Spc* 
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dfic  gravity  not  below  1.S26  at  35*^  C,  (77"^  F.).  Used  only  in  mak 
other  preparations.  It  contains  not  less  than  92.5  j>er  cent,  by  weig 
of  absolute  sulphuric  acid.  It  b  a  colorless^  inodorous,  and 
corrosive  liquid,  having  an  oily  consistency  and  a  very*  strong 
reaction,  Acidum  sulphuricum  dilutum  (U.  S.  P.,  Br.)-  Sp 
gravity,  1.067  ^^  ^5^  C-  (77*^  ^*)i  containing  not  less  than  10  per 
H^O^,  B,  R,  sp*  gr,  1.094,  containing  13.6  per  cent,  HiSO,,  Acidi] 
sulphurictim  araniaticum  (U,  S,  P.,  Br,)  should  contain  not  le 
than  20  per  cent,  of  absolute  sulphuric  acid,  B.  P,  acid  conLiins 
13.8  per  cent.  HjSO^,  It  is  an  alcoholic  solution,  rantaining  also 
tincture  of  ginger  and  oil  of  cinnamon.  It  contains  ethyl'Sulphuric 
acid.  , 

T«sts  for  Sulphuric  Acid  and  Sulphates^-- 1.  Eanuin  di bride  gives  a.  1 
precipitate  J  msoluble  in  all  acids* 

2.  L^ad  acetate  gives  a  white  precipitate,  sHghlly  soluble  in  hot  coDcentixli 
acids. 

3»  An  insoluble  sulphate  may  be  delected  by  fusing  ii  with  some  scsdium  and 
potassium  carbonatCj  dissolving  out  thealkalioe  sulphate  with  water,  and  tes^tmg  wilb 
barium  chloride. 

Fuming  snlphuriCf  pyrosulphuric,  or  Nordbau&en  sulphunc 
acid,  HjSjOyi  is  obtained  by  distilling  ferrous  sulphate.  The  fct 
portions  are  a  white,  crystalline  solid,  fusing  at  35°  C.  (95^^  F,)  and 
having  the  above  composition. 

The  commercial  acid  is  a  bmwn^  oily  liquid,  hissing  when  dropped 
into  water.  Some  chemists  regard  it  as  a  solution  of  SOj  iti  H^SO|. 
When  heated,  it  gives  off  SOj  and  H,SO|. 

It  is  used  in  manufacturing  alizarin,  eosin,  etc,  and  as  a  solvent  I 

indigo.     It  forms  a  series  of  salts  called  disulphates  or  pyrosulphate 

Persulphuric  Acid,^HJ^jO„.     The  potassium  salt  of  this  acid  is  formed  bv 
electrolysis  of  a  saturated  solution  of  poiass.  sulphate  in  sulphuric  add  of  i*j  sp. 
when  the  following  reactions  take  place: 

+  — 

By  electrolysis  t  2HKSO,  -  H,  +  aKSO^. 

The  salt  concentrates  about  the  anode  and  separates  as  a  white  cr 
mass,  soluble  with  difficulty.     The  barium  ^alt  is  soluble.     The  solution  of  K^S^C 
in  H^O^  is  known  as  C^ro's  liquid.    It  has  very  strong  ojddising  powers,  and  piob^ 
ably  contains  the  acid  H^O^  _H— O— O^  e= 


H^O^ 


s=o^. 


mTROCEN. 


Tkt  Ihiostitphiirtc  acids  are  unslabie  and  unimportant.     Sodium 
iioai^piyite  b  Urea  led  of  among  tiie  salts  of  sodium* 

Selenium  and  TelluriuiXL. 
Hkcsc  elenicn^  are  rare  and  of  no  special  interest  to  the  physician 


GROUP  V,— NON-METALLIC  ELEMENTS, 


NITROGEN    GROUP, 


nitrogen, 
Phosphorus, 

Antimony, 
Bismuth  p 


If  ^  1 4.04 
P  -  31,0a 
As  =  75-01 
Sh  =^  I20,4J 
Bi    -ao8.ii 


niorV. 

KlorV. 
Ill  or  V, 
111  or  V, 
III  or  V. 


GfPitp  Characteristics.-- A  well-defined  group,  with  nitrogen  at 

aqpUlve  end  anri  bismuth  at  the  positi%'e.     The  atomic  weights 

a  gnuled  series  from  14  to  208,     The  first  is  a  gas;   the  second 

iiolatilr  solid ;   the  third  a  volatile,  cr>%stalline,  metallic-looking  body, 

J  a  slight  tendency  to  alloy  with  metals  and  combine  with  acids; 

fcmili   le^   easily    volatilized,    cr>'stalline,    possessing  a  brilliant, 

kister,  aUoyinj^  with  metnls,  and  showing  a  tendencj'  to  act 

I  pcailx%T  fAk  with  aciils;   the  fifth,  also  crystalline,  having  a  metal- 

r,  aod  allowing  more  marked  positive  tendencies.     They  are 

Ifaotk  triad  aod  iienlad,  and  form  two  series  of  compounds. 

Tlie  faliiiiriiig  will  exhibit  the  relations  of  some  of  the  most  impor- 

t  cpopounds: 


CMnffdA 

otidi 

9. 

Stilphldc^ 

NO.      ... 

N,0,t 

N,o. 

^    r    *■                  >•  > 

VCl.     VCL 

P,0^ 

p,o. 

P^-   PA 

K 

A-sO, 

AvS,.  As^. 

Sh* 

sv>.. 

Sb,0, 

StvS  StyS, 

BiCl,     ... 

Bl^>, 

mrROGEif, 

Bi.O. 

BiA    ... 

(H,    Atomic  Weight,  14,    Valence,  I,  III,  or  V*    Density,  14.  Weight 
if  mm  liter,  1 .  256  gr«ms.    Specifit  Gravity  ( air  =  n ,  0,071  * 


ft»— It  txisU   frtT 


fn  the  air»   mixed   with  oxygen  .1 
it  is  abo  found  free  in  the  ga 


md      i 
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of  the  stomach,  the  large  and  small  intestines,  the  blood,  the  uruic,  | 
etc,     Combine<l,   it  occurs  as  native  nitrates  of  j>otassiimi,  sodium, 
and  calcium.     It  enters  into  the  composition  of  ammonia  and  vegeialik  | 
and  animal  bodies. 

It  was  discovered  in  177a  by  Rutherford,  who  called  it  '^mephitk  | 
air:" 

Preparation.— It  is  prepared  from  the  air  by  burning  phospboms 
in  a  confined  space  until  the  oxygen  is  removed  (Fig,  55),  or  by  passing  | 
air  over  copper  or  iron  turn* 
ings  heated  to  redness;  the 
nitrogen  prepared  by  both 
methods  contains  small  quan- 
tities of  other  gases  found  in 
the  air.  To  prepare  it  pure, 
heat  ammonium  nitrile,  NH^- 
NOj,  in  a  flask  or  retort  and 
collect  the  gas  over  water. 

NH.NOj  +  heat  =  2Hfi  -f-  Nj. 

Properties.— A  color- 
less,  tnins])arcnt.  odorless, 
tasteless,   incombustible  gas, 

not  a  supporter  of  combus-  ^^^-  5S- 

tion  or  of  animal  respira- 
tion. It  is  not  poisonous;  very  sparingly  soluble  In  water  or 
alcohol.  One  part  of  water  dissolves,  at  ihe  ordinarv'  temjienilurt 
and  pressure,  0.025  P*'*''t  of  this  gas.  Chemical ly,  nitmgen  is  charac- 
terized by  its  inertness.  It  unites  directly,  at  high  temperatures,  wlth^ 
magnesium,  Ixiront  vanadium,  and  titanium,  forming  nftndest  A 
mixture  of  magnesium ^  in  jjowder,  4  parts;  lime,  CaO,  to  parts;  ai^ 
metallic  sodium,  i  part,  absorbs  nitrogen  ver\^  readily  when  heated 
with  it  in  a  closed  space  (Hempel).  Indirectly,  it  forms  a  great  number 
and  variety  nf  compounds,  many  of  which  are  unstable.  Under  the 
influence  of  electrical  discharges,  nitrogen  can  be  caused  to  unite  with 
hydmgcn  to  form  ammonia,  NH^,  an<l  with  oxygen  to  form  nitrrius 
oxide.  From  this  source  some  tjf  the  nitrogenous  productii  necessary 
to  sustain  plant  life  are  primarily  derived. 


THE  ATMOSPHERE. 

The  atmosphere  is  a  colorless,  invisible,  odorless  mixture  of  gases  J 
which  surrounds  the  earth*    It  is  very  clastic,  and  is  therefore  mc 


THi:  ATUOSVUEkE. 


149 


earth's  surface,  upon  which  it  exerts  a  pressure  of 
ibout  tiftecn  pDumis  to  even-  square  inch.  Owing  to  the  dilTerence 
IB  tfif-  '  "  ies  of  llie  different  giii-es,  it  is  bclievefl  that  the  composition 
gI  ti-'  rnges  as  we  ascend.     It  has  been  calcukte<d  that  at  thirty 

■ik^  irom  the  earth  the  atmosphere  contains  about  ten  per  cent,  of 
mjfmm.  The  nitn^gen  at  sixty  miles  has  been  estimated  to  constitute 
foar  per  cent,  of  the  air.  Alxjve  this  heh'um  is  more  abundant  than 
wtafi^n^  cijmptf>sing  tlie  auroral  atmosphere,  which  gradually  gives 
wif  to  the  hydrugen  atmosphere.  Air  was  first  weighed  by  Otto 
Geiccke.  One  thousand  cubic  centimeters  of  air  at  o'^  C  and  760 
mSBmcters  of  pr^^sure  weigh  1.293  grams.    It  is  14.44  Unies  as  heavy 

The  fttmosphere  !§  composed  principally  of  nitrogen  and  ox}'gen, 
mbstd  io^pether  in  the  proportion  of  20,61  parts  of  oxygen,  by  volume, 
••  77-95  pw^  c*'  nitmj^en,  and,  by  wxught,  25  parts  of  oxygen  to  76 
pilU  of  mijvigen.  The  exact  amount  of  argon,  krypton,  helium, 
uaoa^  and  nccm  present  in  air  is  not  certainly  know^n,  but  tlie  com- 
binai  ^iscs  constitute  alxml  one  per  cent. 

Altbotlgh  ftir  is  a  mixture  and  not  a  definite  compound,  it  is  remark- 

lUf  oiCMtaint  in  comfjosilion.     Regnault  found   in   333  analyses  of 

ur^         **"  ^  and  places  l^^l  the  percentage  of  oxygen  by 

n  20.Q08  and  20.999.     '^^^  composition  has  not 

I  M>u&  the  §kRai  accuiBte  analyses  were  made* 

■  n>vttj  by'  First*  its  gas*.'!>  arc  not  present  in  the  pm- 
:  »ccotid«  iin  iiir  answering  to  aM  the  properties  of  the 
snct  hftnii'ftl  mixture  of  the  gases;  third,  M>lveiits  for 
1  (if  pymgallic  acif!,  remtiVe  this  gus  from  the  air; 
4lrr  inr!c*j)enc4cmiy  of  ihe  other,  and  with  iu  own 
iic  iLiT  fmiti  wuicr,  by  boilir*R,  arid  analysing  it,  we 
......  ,  .tiLiilalcd  (jQm  the  known  solubility  oi  the  two  gases, 

amM«cif  tlie  aSrexpellctJ  from  water  shows  thirty -three  per  cent,  of  oxygen 
ficr  rrtiL  *^t  nitrogen ;  It  is.  therefore,  much  richer  In  oxygen  than 
Owit^  to  the  nip^  (hlTusion  of  the  gase^j  the  disturbances  in  corn- 
to  llie  mptf^ttori  of  iknim^h  und  to  oianufacturlng  processes  urc  Sf^in 

Besiclcs  thp  two  rhlef  guides  found  in  the  air,  there  are  various  other 

foand  in  small  quantities,  as  argon,  and  the  olhcr  newly 

^«f«,    hvtjrojifn,    watery    vajjor,   carlx>n   diojjide*   ozone, 

nitmus  adds  hydnncarlKins   solid   particles  of 

tJttrt,  mw:  "  ,  veiseiible  germs  or  sfx>rc,s,  batteriaj  etc*     Air 

bk  whicb  animab  arc  confined   als<i  contiins  some  organic   matter* 

^^^jyed  from  thrtr  Luidies.     In  the  neii^hborhoud  of  large  cities,  vari- 

^^^nilicr  ^iilj?*tiinci^  are  poured  into  the  air  from  manufacturing 
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The  essential  ingredienU  are  oxygen,  nitrogen,  carbon  dioiide, 
and  watery  vajxir.  The  rest  of  those  enumeraled  may  be  regSDied 
as  accidental  constituents. 

Liquid  Air, — Liquid  air  is  now  made  by  machinery  on  a  amr 
mercial  scale.  It  is  condensed  at  a  great  pressure,  and  then  a  portioo 
of  it  is  allowed  to  escape  through  a  small  of>ening.  The  low  tern- 
fjcratujre  generated  by  the  sudden  expansion,  assisted  by  the  comptts- 
sion,  liquefies  the  remaining  portion.  Liquid  air  is  a  clear,  trans- 
parent, bluish  liquid;  sp,  gr,,  0.9,  It  is  usually  slightiy  cloudy  from 
the  presence  of  small  particles  of  frozen  moisture  and  frozen  COj. 
These  may  be  removed  by  fUt ration  through  paper.  The  liquid  bolls 
at  about  —191°  C,  {—376'^  F,),  the  nitrogen  [>assing  off  more  lapidlf 
than  the  oxygen,  so  that  the  remaining  liquid  becomes  richer  in  oxygen 
as  the  evaporation  proceeds,  reaching  about  50  per  cent.  Near  tbe 
end  of  the  evaporation  the  rarer  gases  are  pre^nt  in  a  compaiativetjr 
concentrated  form.  Soft  orgiinic  substances  and  the  metals  becocne 
hard  and  brittle  when  dipped  in  the  liquid.  Bacteria  are  not  killd 
when  treated  with  die  liquid.  It  can  not  be  stored  in  closed  vessels 
at  ordinary  lemjieratures  and  can  not  be  kept  long.  The  applicadon 
of  liquefied  air  to  the  treatment  of  lupus  and  epithelioma  has  met 
with  some  success. 

Watery  Vapor. — The  proportion  of  watery  vapor  in  the  air 
varies  considerably  with  the  temperature  and  locality*  The  air  is 
seldom  saturated  in  the  daytime,  and  contains  less  inland  than  mear 
large  bodies  of  water.  The  higher  the  temperature  of  the  air^  the 
more  moisture  it  will  hold;  thus,  at  o^  C,  (32^  F,)  i  cubic  meter  {1.3 
cubic  yards)  is  saturated  by  54  gm,  (83,3  grs.)  of  water,  and  at  if  C 
(77^^  F.),  the  ordinary  temperature,  it  requires  22,5  gm.  (347  grs.)- 
Or,  at  77°  F*  I  cubic  yard  will  be  saturatetl  by  267  grs,  of  water,  and 
1  cubic  foot  by  about  10  grs.  In  reality,  the  air  will  seldom  be  found 
to  contain  more  than  60  or  70  per  cent,  of  this  amount.*  When  1 
cubic  meter  (1.3  cubic  yards)  of  an  atmosphere  saturated  at  25°  C.  (77^ 
F,)  is  cooled  down  to  0°  C,  {^2°  F.),  it  will  deposit,  as  dew,  rain,  Of 

st,  22.5  ^  5.4  —  17.1  gm,  (263.8  grs.).  The  temperature  at  which 
air  begins  to  deposit  its  moisture,  on  being  cooled,  is  called  the  dew 

The  dew  point  will  depend  upon  the  amount  of  water  actually  present  in  the  iir. 
e  amount  of  moisture  is  detertnincd  by  passing  a  known  volume  of  air  lhroii||b 
iibcs  containing  calcium  chloride,  which  absorbs  the  water*  The  iiKixase  in  tk 
'ght  of  the  lubes  gives  the  weight  of  water.     The  amount  of  vapor  in  air  VAtm 

1 0,3  to  1 .6  per  cent,  by  voJunic,     The  dampness  of  the  air  does  not  depend  upoa 


•  By  percentage  of  humidity  *  in  mcleorology,  is  meant  the  ratio  bemreen  tht 
'"\  moisture  present  and  that  required  lo  salumte  the  air  at  that  temperature. 
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Utat  of  W9i€T  H  ooflialas,  but  upon  ibe  d)^m  of  satvmtiocL  A  cold,  immp 
m  Iniied,  becDm^  dry;  bence  ibe  necessity  of  supplying  moisluie  10  tlK 
■if  E^  our  nootns  in  winter.  The  air  of  tiving  rw>ms  usually  (anUias  but 
ccat.  of  that  nccessaij  to  saturate  iL  A  very  dry  ^  irniat^  tbe  air* 
^  ptoiliac^  diypc^  of  the  mkin  and  makisc  A  Wry  mobi  atmospliefc 
from  tiic  ^km  ajul  lungs,  miscs  the  bodily  tcmperatuic,  and 
€|ipras&ive.  A  damp  air  tavojs  the  gnjwth  of  many  varieties  of 
ing  ofgani&ms,  a^  tlio&e  of  diolera,  typhoid  fe^-er,'  grippe,  and 
\jf  litbertcMlosis- 

rixui  Bioxidep — The  average  amount  of  carbon  dioxide,  CO,, 
ntry  iir  i^  4  parts  In  10,000,  and  varies  from  3  to  6  parts.  It 
Iter  near  large  ciii^  and  manufactories;  greater  during  the 
dun  tbe  day  on  land,  and  the  reverse  on  the  ocean*  PJants 
t  it  ftom  the  air  in  the  day-timej  and  the  cooler  water  at  night 
s  more  than  the  ii^rmer  water  dtiring  the  day.  (Sec  Carbon 
le.J 

Mtimtm — Hiis  exists  in  tie  air^  in  very  minute  quaniill^  prindpatly  in  the 
cmrboiale,  tbe  lesiilt  of  tbe  decomposition  of  amtnal  and  vegetable  organk 
»  It  h  fSpedaUy  evolved  from  urinals,  privy -vaults,  and  hor^ -stables*  II 
)d  out  of  tbe  air  by  falling  rain,  and  is  taken  up  from  the  soil  by  plants. 
lic^^Ml  iiitTOtis  actda  occtir  in  extremely  minute  quantities,  and  are  pto- 
f  the  direct  iwioti  of  oxygen  and  nitrogen,  in  tbe  pre^nce  of  watery  vapc>r» 
Ik  kAueace  of  disrbar^ges  of  Ughtnitig-     They  e^dst  principaUy  in  combina- 

Irocaiteflttp  tbe  principal  one  of  which  is  maisb-ga^  are  frequently  found 
ir  of  cities*  coal-min^,  welk,  and  swampy  dislricts.  Marsh-cask  produced 
iecogiposition  of  veprtable  tnalter  under  water,  and  in  some  tndustml  proc- 

sldcttlal  GftSeS  in  tbe  Air,. — The  gases  generated  in  certain  inanufactiiring 
E»  are  snoietlmes  allowed  10  e&capc  into  the  air^  Some  of  these  a^  batmless 
leis  Iturlfa].  Among  the  Erst  class  may  be  mentiDDed  carbon  dioxide^ 
Dt  in  loo  large  quantities,  and  ammonia^  To  the  second  class  belong 
im  an^hide,  ammonium  sulphydratef  sulpbtirous  oxide  in  lar^  qiian- 

Eol  oitneral  acids^  carbon  disulphjde,  etc^ 
n  rawhide,  or  Eulphuretted  bydipg^t^  H^,  Is  found  in  certain 
imtSt  caused  by  the  decom  pc^tion  of  iron  pyrites*    It  is  also  foutid  in 
if  tone  inatsbes  and  of  sewers. 

r  lypptiMiis  produced  by  breathing  ^mall  quantides  of  this  gas  ate  those  of 
in  larger  quantides,  headache,  vertigo^  weak  pul$c,  sweaiii|g« 


ndphydrate,  XH^HS,  produces  nearly  the  same  symptoms  ia 
t  tll%)lllde.     It  occurs  in  tbe  air  of  sewers  and  pnvy -vaults.     Both  these 

isily  destroyed  by  chlorine  or  sulphurous  oxide. 

KOXid^f  SOjr  unless  in  considerable  quantili^  and  in  a  closed  room, 
H  seen  to  have  any  deleterious  effect  upon  the  workmen.  In  bleachers  it 
Bes  produces  irritation  ^f  the  bronchia!  tubcfi. 

rigoellloric  acid,  nitxic  acid^  and  chlorine  in  consideraye  quantities  are 
ilatii^  pa  the  lunjp  and  conjunctiva, 
rfeoa  jfigolphidc,  CS^  produces  unpleasant  and  delelerions  effecu  upon  % 
tm  exposed  to  air  oontaiiung  it,  as  beadacbe,  giddinras,  nervous  deprvsaMMi 
^olsppetilc. 
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Suspended  Matters* — A  great  variety  of  solid  partkles,  or  dust,  arc  fouod  in 
ibc  air  at  all  times.  These  conabt  of  fntgmenu  of  wood,  teJctilc!  fabrics,  meLik,  rtc^ 
pollen  of  pkntSj  sports  of  bacteria,  cU%  The^  suspended  p^rtiiles  may  be  itgJirded 
|«s  impurities,  and  muny  of  them  are  injurious  to  health.  Workmen  in  various  trwfe 
p  are  seriously  affected  by  the  dust  to  which  they  arc  e3q»st?d  j  as  miners,  espetia% 
of  lead  and  coal;  erindcrs  of  metal,  wool-sortcre,  rag-pickers,  feather-dressec%«ic. 
The  irritition  of  the  dust  of  these  and  other  tr^dc^  may  cause  chroaic  braradm^ 
emphysema*  phthisis,  or  chronic  pobomngj  Germs  of  various  kinds  are  bciiadl 
to  cause  many  of  the  contagious  diseases,  and  may  be  carried  some  distance  in 
the  air.  Some  of  these  germs  seem  to  be  easily  oxidized,  whUe  others  arc  ittjy 
persistent.  The  best  disinfectants  for  their  destruction  are  free  ventilatioii^  aM 
consequent  dilution  with  dry  aifj  chlorine*  bromine,  iodine,  and  sulphurous  oiidc 

Disinfectants,      GermicideSj      Antiseptics,      Deodorizers  — 

The  presence  of  odors  and  organized  "germs"  in  the  air  uften  ns 
quir^  the  use  of  one  of  the  above  agetm.  Disinfectants  are  a  class 
of  bodies  which  are  supjiosed  to  destroy  the  germs,  and  thus  prevent 
them  from  causing  their  specific  action  either  upon  the  human  body 
or  in  decomposable  organic  bodies  or  solutions. 

The  most  efficient  of  these  is  heat.  Organized  germs  may  be  fil- 
tered from  the  air  by  passing  it  through  cotton- wool;  or  they  maybe 
removefi  by  inclosing  the  air  in  a  tight  box  or  chaml>er  the  insades 
of  which  are  moistened  with  glycerin  (Tyndai).  Among  the  gaseous 
disinfectants  most  used  are  ozone,  chlorine,  bn^mine,  iodine,  formalde- 
hyde,  sulphurous  oxide;  o!  solids,  mercuric  chloride^  the  chlorides  d 
zinc,  aluminium,  magnesium,  and  aikium;  potassium  chlorale,  pola** 
Slum  perm:inganate;  carbolic,  boricj  cresylic,  and  sulphuric  add*; 
thymol  J  menthol^  camphor,  etc. 

Antiseptics  are  agents  \¥hich  retard  or  entirely  prevent  putrefac- 
tion or  the  gn>wth  of  microscopic  organisms.  While  disinfectants 
destroy  the  cause  of  infect  ion  ^  antiseptics  prevent  the  develnprnent 
of  these  abuses.  Low  temperature  retards  putrefaction,  and  is,  there- 
fore, an  antiseptic  agent.  These  two  terms  are  frequently  used  inter- 
changeably. 

A  germicide  is  an  agent  which  has  the  power  of  killing  the  germs* 
A  di:iinfectant  destroys  the  infectious  properties  of  septic  matter, 
whether  these  be  due  to  germs  or  to  some  other  agent. 

Asepsis  is  a  condition  of  entire  absence  of  any  germs  or  cause  of 
infection.  Deodorizers  are  bodies  used  to  destroy  offensive  odoT% 
They  miy  be  either  solid,  liquid,  or  gaseous.  Solids — dry  earthy 
lime,  cliarcoul,  ferrous  sulphate;  carbolates  of  calcium^  s^xiium,  and 
magnesium.  Liquids — solutions  of  plumbic  nitrate  (Ledoyen'i 
fluid),  zinc  chloride  (Burnett's  fluid),  |joyissium  or  sodium  perm:iu- 
ganate  (Condy's  fluid);  a  mixture  of  cop|>er  and  zinc  sulphates 
(Lenande's  disinfectant);  stdutions  of  ferric  chloride,  of  ferrous  sui- 
phatei  hypochlorites,  etc,>  are  among  the  best  known.    Cases — puit 


iyde,  ozonep  chiorinej  bromine,  and  sulphurous  oxide  are 
f«tivc,  Fumigalions  with  ^r,  herbs,  and  various  aromatic 
only  disguise  the  o^Tensive  odors,  but  do  not  destroy  them, 
dinary  offensive  odors  are  due  to  hydrogen  sulphide,  H^S, 
I  sulphydrate,  NH^HS,  phosphorous  hydride,  PH^  and  com- 
mum  compounds.  Chlorine,  ozone,  and  nitrous  oxide  will 
se  gasi^  by  oxidation,  and  thus  destroy  the  odor. 

1  be  remembered  that  these  odors*  in  ilicinseives,  may  not  be  injurious 
tn  in  sznaiJ  quantity,  but  they  serve  to  warti  us  of  the" presence  of  prod- 
:ittctk»a  which  accompany  thern,  and  which  are  injurious.  Offensh-e 
idii«etly  affect  the  health  by  pne^ienting  sJecp  or  the  enjoyment  of  peace 
or  cai^e  loss  of  appetite.  The  fact  tbiit  efBcieot  disinfection  of  the  aif 
ihe  spFead  of  the  c^ntagioa  of  di^ase  i^  weM  known.  Fom]aldch}'de« 
I  sulpboioiis  ojdde  art  the  agents  most  in  use,  and  of  the^  the  fii^t  is 
I  t»c  prefcrrecL 

btful  iwhetber  organised  germs  in  the  air  can  be  dcslTOjed  by  any  di^* 
Tpft  in  light Jy  cloUd  rooms.  The  aUempt  to  did nfett  the  air  of  rooms 
ous  so-cailed  **  disinfectants  "  of  the  market  is  worse  than  usclcte*  It 
feelii^  of  security  where  there  is  none.  These  floating  germs  can  cer- 
■5  much  as,  and  in  most  cases  mofe  than,  man,  and  therefore  no  room 
ieded  while  tt  h  occupied  by  human  beings.  The  author  has  found  by 
hat  mo6l  of  the  ordinary  antiseptics,  when  diffused  through  the  air  of  an 
Eii«  are  almost  without  action  on  putrefactive  bacteria^  unless  the  quan* 
fDOU^h  to  make  the  air  irrespiTable^ 

^wiitg  table  shows  the  amount  of  water  iL  is  necc^ary  to  add  to  one  part 
Qce  named^  which  barely  permits  the  devclopiiiefit  of  bactetia  In  meat- 
pording  lo  M,  Jalan  de  la  Croixt 

Water, 

1  Put*  Ftazft. 

Oil  of  mustaidT  .,.,..  ,^,,,,,,  Si7J4 

Sulphurous,  actd, , , 7*S34 

Aluminium  acetate, ....<*-.  7o5S 

Salicylic  acid^  .,.,,*,,.,,*,,-.  7j^77 

Mercuric  chloride*  ............  S.35S 

Calcium  hypochbrite^ 13,092 

Sulphuric  acid,  ....*..*.._ .  i  t^jhi 

Iodine* .,^.. **...... .*......  3o,o:3fO 

Bromine,  _ .  _ , , ^^w^75 

Chlorine,. . . S^,Soq 

9Mf%  of  kMline  that  1  part  to  t?,ooo  destro)^  the  contagion  of  charbun 
90  that  Cftf  se(}tk  blood,  Billroth  says  men: uric  chloride  i  :  20^000, 
betizoale  of  sodium  t  :  2ooo»  and  benzoic  acid  and  creosote  1  ^  tooo 
Irm^opGieiit  of  Ivactem.  Koch  says  of  mercuric  chloride  that  i  :  1 5,000 
nero*orsaiiiAins  and  i  :  1000  destro^-s  resting  spores.  Formaldehyde 
stfoy«  most  living  germs. 

^tt  of  different  experimenters  arc  so  widely  discordant  that  we  make 
10  rieecincile  them.  The  following  table  represents  the  results  of  ex- 
Uh  ronnmerdal  disinfectanis .     The  6rst  column  gives  the  percentage 

necessaiy  to  kiU  anthrax  and  baciUus  suhtilia  in  aqueous  solution. 
gfra  the  percentage  of  the  agent  which  failed  to  produce  this  result; 
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lolicacid),  .........  1,001 

^,,,,,,, ^ _*,*.,,  3t22q 

taa^aiiate,.  >...>...,  3*041 

t- 3^1 

MlicyUte, .-  3,J77 
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ion 

of   animal  or 

^^»  r.unei^u>ly  or  by  the 
:'el>'  ^.^Jn£:.  in  Lib\-a,  near 
■>.  .ii:-jing>  of  hide*,  or 
r. ' i r.  on.  The  principal 
.-:;.„.!:.: n  of  coal  in  gas- 
r..:r:  i:e:\  which  is  mtKtiy 
r"  >  '.rejited  with  h>Tdro- 
f-  :,r.  impure  ammonium 
^  ~iy  be  purified  by  re- 
Ti-:  "  ::h  lime.  CaO,  gives 
;,  sir:e>  of  Woulfe  boltks 
.  f.rriir.i:  aqua  ammoniai 


t^r-.Z-zTZLtS. 


iT.i.  pungent,  me- 
■.:rr.  in  the  air,  but 
:  rr:::r.j;  water  and 
•.  r-:.i>tencd  litmus 
:.    :he  volatility  of 


I', 


,:'   C     — 4C=  F.):   or  at 
:::>•.  "r.en>.  to  a  colorless 
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It  h  vcr>'  soluble  in  water;  one  volume  of  water  at  15°  C.  (59*^  F.) 
"5*i>ivcs  785  %*olunies  of  the  gas  with  the  e^'olution  of  heat,  forming 
ibe  lijlutjon  known  as  aqua  ammoniBe,  which  may  be  regarded  as 
4  !i}kitiofi  of  ammonium  hydroxide,  NH(-U-H,  in  water. 

Tbis  sotution,  on  being  hotted ^  gives  up  most  of  the  gas  again » 

ifta  atMCTinTii^  fortior  (U.  S.  P.)  contains  twenty-eight  per  cent., 

by  veigliU  <>*  th^  gas,  and  has  a  sp,  gr.  of  0,897  ^*  ^5°  ^'  (77^  F)* 

lifoor   amitiailise    fortis  (Br,)  contains  32,5  per  cent.,  Iiy  weight, 

«l  §iseou5  N'Hj.    Aqua  ammoiiiEe  {V.  S.  P,},  Liquor  ammoniie 

(Br*  P*),  ocwjtains  ten  per  cent,,  by  weight,  and  has  a  sp.  gr,  of  0.95S  at 

tj*  C,  (77^  F<)-     It  is  a  colorlesSj  transparent  liquid,  with  a  pungent 

criof  aad  an  aJJc^ne  taste  and  reaction.    Ammonia  forms,  by  direct 

R  oakMi  with  the  adds,  a  series  of  salts  containing  the  compound  radical 

HNH^  railed  ammonium.     Ammonia  is  voJatile,  and  hence  it  is  some- 

Vliai&  kmiwn  as  the  volatile  alkali.    The  comfjounds  of  NH^  closely 

Kiecnfafe  tllOfie  of  Na   and    K,   and   wit!   be  considered  with    them. 

Slimg  flolutions  of    the  gas   act  as  a   caustic  upon  animal  tissues » 

tad  afe,  therefore,  corrosive  poisons. 

^■^     CanpCWitil^ii^— This  may  he  determined  by  decomposing  ihe  gas  by  passing 

^BHiiimal  vJecirkr  spaxk^  Ihfough  a  quantity  of  it  inctospd  in  a  tfudicriiu'trr-tubc  over 

^Paonny*    Tbe  volume  incrn^sir^  undJ  doitbJe  the  r»riginal  volume  is  i^aclied^     By 

'  iHndfeC^g  A  quantity  of  Q^gcn  eriuiil  to  thi^-fourths  that  of  the  ;immonia  u^, 

•flid||pitiflSlhr  §Me»bvthe  s&me  spark,  the  hydrogen  and  oxy|en  combine,  and  after 

aakMng  hvft  the  mtrttgeni  which  occupies  one-half  the  ongin^il  voJuitic»  or  one- 

hmik  ikr  1«lumc  of  the  mi-\e<J  hydrogen  and  nitrogen,  after  the  dei  omfK^tution. 

Il  b  lla»  tlmirn  U>  Imt  i'kiTipised  of  one^foujth  niiTDgen  and  three -fourths  hydrogen. 

Wc  vmy  &ibo  arrive  at  the  sjimc  result  in  the  foHowing  manner: 

fMftrr  m  gba»  tuln*  ut  i^UiUt  t  cm.  (|  of  an  tnch)  calitxT,  c!oN?d  at  otie  €fid. 

Tlrn^^  llie  slofifjer  in  the  <j|icn  end  i^iass  a  funnel  tulie  dmwn  to  a  point  and  pro- 

liM  irilfc  a  iioficock.     Fill  the  lube  with  pure,  dr^*  chlorine,  and  in.sert  the  cork. 

fB  ^  hmml  f^**"  **'*'>  .ir..rii>  ammonjum  hydfoxide  solviiioHt  o|>cn  the  slopcotk, 

'd  to  enter  the  tube.    The  chlorine  decomposes  the 

Its  own  voJume  of  hydrtjgen  and  setting  free  the  nltro* 

.\.     By  removing  ihe  stopper  under  water,  the  latter  will 

'if^I^  that  p^jrtJon  fxnipied  by  Ihe  nitrogen,  which  will  be 


f«pOT 


Wlaifl  tfaeti 

hmd  IV  be  oar  thu*t ! 

A»  file  ciiftorinr  i[s  tiwn  volume  of  hydrogen,  or  with  the  tut>e 

Ml,  aHl  left  oor-tkiro  m  hum  vr  MnrTic  of  nilrofo^n,  it  ff»Mow!i  thai  the  omnioriia  was 
MSfnaed  ol  three  pftrls  by  tolumc  of  hydrogen  and  one  [mn  of  nitfogen.  Since 
PBMa  mntiniki  mU  ocnipy  the  sumi-  ^|*acr»  three  molecules  of  hydrogen  and  une 
«  Hln^o  Ibrm  twa  ol  ammonia  r 

jH,  +  N,  -  iNHr 

ivmw^mit^  '^  agnmiit^iimi  with  acid*  will  be  considered  umlrr  the  head  of 
llir  AfVaUor  Mrtalt.    The  compound  or  derived  ammonias  will  be  con- 

Fumm  Willi  UCJ-    HdsUtied  red  litmus  papef  b  thmnged  to 
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Uses. — The  salts  of  ammonium  arc  used  as  fertilizers,  in  the  arts,  and  in  thcn- 
|K'utii's  chiefly  as  exiKx^torants.  One  \ct\  important  use  of  ammonia  is  for  the  pio- 
du(  tion  of  artiticial  ice.  I'hc  ice  machine  usually  consists  of  two  uxmns  or  coils 
I  onnectcd  by  a  pijH?  and  controlled  by  a  siojxock.  One  of  the  coils  of  pipe  is  im- 
mersed in  a  tank  kept  cool  by  a  current  of  water;  the  other  coil  is  immersed  m  a  tank 
of  s;ilt  brine.  The  gas  is  pumped  into  the  first  of  the;!e  coils,  allowed  to  cool,  and 
then  run  into  the  scvond  coil.  .Xs  the  liquid  evapiirates.  heat  is  absorbed  and  the 
tennHTature  of  the  brine  is  lowxred  beK>w  the  freezing  point  of  waicr.  Cans  of 
water  placinl  in  the  brine  mav  be  frozen  to  ice. 

X 

Hydronitric  acid,  or  hydrazoic  acid,  HX^  H  —  X  /      .  i>  a  c  '^^rless  gas, 

*X 
ha  villi;  a  |»i'netratinj:,  unplcisant  i^lor  ,ind  an  avit:  rx*act303. 

lis  stHlium  s.ilt  Is  prvjvirtii  by  U^iling  iKr-^oyl^i^-i-'-id  w->^.  i-xlfu-:  hydrozdde. 

X  X 


C\H,.COX 


It  for:v.s  a  s;'r:e> 
brv^nvMes.  aiul  i^v.iiit^. 

It  iir.i:«>  « ::h  .ir.v.v.or.ia  ti>  lorr. 


■r  XaOH  =  C.IL  ,  COOXi  -  Xa  —  X         ,  -  H,0. 
^X  X 

s.i'.;>  with  :he  r.-jtul*  rt*s<rr:iliric  iht  c}-j^Mt^  chkinAn, 


XJi,  -  KX,  =  XH.Xr- 


iriTROGEll  AUD  THE  HALOGEirS. 
Kitrogien  Chloride.— XC:^   W>;-  c'r.i.r.T)'.  in  excess  l*^  rnii^i  z:  hr,  uTccis- 

:'.v  "/•A.  :hi  .>.:.r!:>;-  /.:  :".rs:  >;:>  :ri'i  r..:r.ici*    i-r*:.  ^.rriy  >.i~i;  LTr-Tniiru^ZL  cij.-odf; 
r.;-  c\.;^'i  .:  ,  r.'.  V  "i-  :^::'.  .'..:<^  -,.-.•.•:.  :."»;  ;.~  -■  c.:j.r.    .r.i.r-jn;..  i:   iicrz:  unrLfca 


N:-;  v\ 


n:. 


r'i:::-   r\.  •.».•.■>  ^.-t  .:  ;j.ri.M.:^  ■        .:  >.?!. •..«;.  n.i:  :«  ti-jti: -:■:  .r  u.-j?:  .'ui.iititifs 

5".rrc^f-r.  l>d.«6f..  N  :■...  .r  N"..  PrwitrAtinn.  -  :  •  iiri':.-  :-\:ii-s.iinc itSx 
ir.  L  '■'..-■:;■  :  >..-.  i.Ti  ;-  ■•..:..-  r  ■■;- ,:.i:i.'  :r  :•'  :•  ii;-.nr  :.i  :.i.  ih.'iii:  s.'iiu:i« 
.:  j.i;..n:  .-:     -.  ■  ■!£.  ;  *    •'.i.m;    v;    :•- 

oi  "i.  "::■'-.«  .!:■■  :.r«.   .;*••.■.■        :  :.iii;»;'*  v.'   :*i:  y,:ic*:^'r>.'  Mu.t,  .r  ?!•  ;.  irnntit  itretx: 
'Ztt  '.  :::ii.»;,i.'T.  :«.  v:  •.•-    l^  :i.i  :i.;.-     <.   ■■i.,r::.-  ::»  .ii:,.:  :i:  ziv.  ::iii:niii  ronmnund. 


J.'t  .  ::i:jt'r  ;i""  :.  t"  »iri':   :.^i  ;.:i  •\-.    v?i  k;   ru.niis.  irr:.:ilii:  f.-irmulB. 
Vitrom  C^ziut.  \"_  .ZI!\  5'T^nnirrniif  Acin.    T:— '•— X 


MiirU  0£ibe    . 
ViUroitf  AxLcyDTibt. 
Mitfic  Pcrvxibt. 

or  T4Ar(;£kftt. 
Hitric  PejDtvxi^. 

orAoliyMAfc, 
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Ktrous    Oxide,    H}T>omtrous    Oxide,    Laughing-gas,    Nitro- 

gtn  Hoooxide.     Nitrogen  Protoxide.— NjO.     Discovered  in  1776 

iff  ¥Tmxly,     Anesthetic  effect  first  discovered  by  Sir  Humphry  Davy, 

fitit  tLied  in  dentisti^*  by  Wells,  of  llurtford,  Conn.     First  came  into 

as  AD  anesthetic  in  1863* 

'mlion,— By  gently  heating  ammonium  nitrate  in  a  retort. 

Id  that  represented  in  figure  47,  when  it  decomi>ases  into  nitrous 

ooJik  ajid  n-^ler. 

Wben  pteparcd  for  anesthetic  purposes,  care  should  be  exercised  to 
hep  the  temperature  of  the  retort  between  210"*  C,  (410'^  F.)  and 
t^Bf^  C,  {481^  F.),  as  below  the  former  the  decomposition  does  not 
take  pb^f  but  the  salt  sublimes,  while  above  the  latter,  nitrogen 
f&oaadt  and  trioadde  arc  generated.  As  an  additional  safeguard,  the 
p»  rilociM  be  caused  to  bubble  through  solutions  of  sodium  hydroxide 
and  femms  sulphate*  to  remove  thet^e  higher  oxides,  and  aUow^ed  to 
tfaad  iw«r  water  iur  mme  hours  before  being  used, 

PropCftiea.^A  colorle*^,  odorless,  sweetish -tasting  gas,  slightly 
^siilile  in  water*  more  so  in  alcohoL  Density^  21-85;  ^P-  U^-i 
^S-si?*  Under  a  jiressure  of  50  atmospheres  at  7°  C.  (45°  F.)  it  con- 
^Hb^  t0  a  D^Iorless  Liquid,  which  resumes  the  gaseous  state  as  soon 
^^^pe  pecsasaire  is  removed,  the  tcmj>erature  sinking  so  low  as  to  freeze 
^^^rtlDr  '  '  th|uid  into  a  white,  snow-like  solid.  Sp.  gr.  of  liquid, 
o^     1  ;H»im,  ^m^  C,  (—136^  F.}.      Freezing  point  about 

-HOI*  C.  <— 150"^  F.).     It  is  neutral  in  reaction^i.  e.,  neither  acid 
It  !4y[iports  the  combustion  of  Ix^dies  ver>'  much  like 
becaittse  of  the  fact  that  Ihe  heat  of  the  burning  body  decom- 
^  ip&s,  giving  an  atmosphere  about  them  containing  twice  as 
oaygtn  as  ordinary  air*     For  anesthetic  purposes,  the  liquefied 
pi  h  BOW  wild  in  wrought- iron  cylinders,  provided  with  a  stopcock, 
»lliat  ibrgascaD  be  drawn  from  the  cylinder  as  needed. 

Flryiiiitaglcml  Effects. -Nitrous  oxide  causes,  when  first  inhaled, 

m  etUbuatbn^  then  anesthesia,  and   finally  asphyxia*    It  witi  not 

flpport  Che  rvsspiniiSon  of  phnts  or  animals.     It  seems  to  act  |)artly  by 

^aaadh^  air  and  partly  by  its  direct  effect  upon  the  nenous  system, 

ant  rnter  tnta  any  chemical  combination  in  the  b](K)d,  but 

<lfiiao|ve&  in  this  fluid.     UTien  mixed  with  oxygen  and  admin- 

tinder  an  increased  pressure,  the  anesthesia  may  be  kept  up  for 

1  bi^  Hme  with  safety.     Deaths  frt>m  its  inhalation  are  rare.     It  dt^ies 

•■t  imtergo  daooinposition  in  the  blood.     It  is  much  used  for  short 

ifmifcifis,  aJld  efpnTiilly  for  the  cxtractinn  of  teeth,  opening  abscesses, 

etc     Recoven.'  h  jiRimfii  and  n>mj)letc  within  a  few  minutca 
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after  its  withdrawal.    A  solution  in  water  containing  five  volumes  ot 

the  gas  has  been  admimslered  intermUly, 

H3rpomtrous  Acid.^-ILNO*  This  add  may  be  pretKtred  by  the 
action  oi  hydrochloric  add  on  the  silver  salt, 

AgNO  +  HCl  =  A^l  +  HNO. 

The  potassium  salt,  KON,  is  formed  by  the  action  of  nascent  hy- 
drogen, generated  by  sodium  amalgam,  on  potassium  nitrite  or  mtrale; 
preferably  the  former: 

3KONO  ^  ?H,  =  aKON  +  2HP- 

The  silver  salt  is  a  yellow,  almost  insoluble  powder. 

Nitric  Oxide  or  Nitrogen  Dioxide.— NO  or  N^Oa,    Prepared 

by  the  action  of  nitric  acid  upon  copper, 

3Cu  +  8HNO,  -  3Cu(NQ,),  +  N,0,  +  4H,0. 

Properties.— A  colorless,  transparent  gas,  very  sparingly  soIuUe 
in  water,  mure  soluble  in  alcohol.     Density,  1$;  sp.  gr.,  1,039, 

The  dcn^sity  would  make  the  molecular  weight  30  and  the  formuk  N^O^  whidi 
is  anomalou&f  as  in  this  case  nitrogen  must  be  considered  &s  a  dyad.  The  onJioaiy 
laws  of  valence  would  make  it  NjOj.  It  is  probable  that  at  lower  tcmpcratyres  the 
h  the  proper  formula,  and  at  the  higher  tcmpemture  dissodalion  takes  place,  N^j 
splitting  up  into  NO^  as  has  been  proven  to  occur  in  ihe  case  of  N^O^, 

By  cold  and  pressure  the  gas  has  been  reduced  to  a  liquid,  Bodia 
which  evolve  considerable  heat  in  burning — as  phosphorus,  for  ejcample 
— bum  in  this  gas,  first  decomposing  it  and  then  uniting  wjlh  its  03cy- 
gen.  In  contact  with  free  oxygen,  or  air,  it  takes  up  this  gas  and  is 
converted  into  N^O^  or  N^Oj,  according  to  the  amount  of  ojcygen 
present.  In  b>th  cases  It  gives  a  reddish-brown  colored  gas.  The 
gas  may  be  used  as  a  test  for  free  oxygen.  It  is  rapidly  absorbed 
by  a  solution  of  ferrous  sulphate,  to  which  it  imparts  a  deep*bro%Ti 
color.  Its  action  on  tiie  economy  is  not  known.  It  forms  no  cone- 
spondinp;  acid. 

Nitrous  Anhydride,— NjO^,  Prepared  by  the  direct  union  of 
nitric  oxidei  N^Oj^  and  oxygen,  mixed  in  the  proportion  of  two  of  the 
former  to  one  of  the  latter.  Also,  by  wjirming  nitric  acid  with  starch 
or  arscnions  acid,  and  by  the  action  of  nitrogen  peroxide  on  cold  watcf. 

Properties,— A  dark-blue  liquid,  boiling  at  o^  C.  (32**  F.),  with 
partial  decomposition  into  N^Oj  and  NjO^,  which  recombine  on  cool- 
ing. It  combines  directly  with  water,  producing  nitrous  add,  HNOp 
which  J  on  warming,  decomposes  into  nitric  acid  and  nitric  oxide, 

5HNO5  =  HNO3  +  NjO^  +  H,0^ 

As  will  be  seen  from  the  above,  this  oxide  is  very  unstable. 
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Properties,— Cold  water,  in  small  quantity,  decomposes  it  int<^  NjO,  tad  i 
HNOp  while  in  Jarger  quantities  and  with  alkaline  hydroitjdcs  it  fomns  nitrous  liidl 
nitric  acids,  or  their  satt^. 

The  letroxidc,  NjU^,  and  the  dioxide^  HO^  both  art  as  Atrtiog  oxidi^Qg  j 
setting  iodine  free  fn>m  the  iodides. 

Nitric  Anhydride  and  Acid>— N,Oj  and  HNO,,  Hitncl 
anhydride  is  a  white,  crystalline  solid,  fusing  at  jo^  C.  (S6^  Fjl 
and  boiling  at  47°  C.  (116.6*^  F.).  Obtained  by  treating  dT>^  silverj 
nitrate  with  chlorine,  or  by  the  remov^al  of  water  from  fuming  nitric] 
acid  by  the  action  of  phosphoric  anhydride,  PjO^.  The  oxide  k  un- 
stable, and  has  a  strong  affinity  for  water,  with  which  it  forms  oitricj 
acid.    It  has  no  special  use. 

Nitric  acid,  Aqua  Fortis,  Acidttm  Nitricum  (U.  S.  K.  Br.),j 
HNOjj  is  the  most  important  of  the  acids  of  nitrogen.    It  does  ml 
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occur  free,  but  as  nitrates  widely  disseminated.  It  is  usually  pre- 
pared,  commercially,  by  the  action  of  sulphuric  acid  upon  potassium 
or  sodium  nitrate,  in  glass  or  cast-iron  retorts. 

NaNO,  +  H^O*  -  HNaSO^  +  HNO^ 

The  arrangement  of  the  iron  retorts  (A)  and  the  stoneware  con- 
densers (B)  is  shown  in  section  in  figure  56.  The  sodium  nitrate  and 
an  equal  weight  of  sulphuric  acid  is  run  in  through  the  stoppered 
openings  at  the  back.  The  iron  is  protected  from  the  acid  by  a 
lining  of  fire-clay.  When  heat  is  applied  to  the  retort,  the  nitric  add 
distils  over  and  condenses  in  the  stoneware  Woulfe  bottle,  B,  which 
is  kept  cool  by  cold  water. 
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is  aUo  formed  in  small  quantities  by  the  passage  of  electric 

irges  through  a   mixture  of  nitrogen  and  ox>'gen-     This  takes 

in  the  air  by  the  passage  of  flashes  of  lightning,  probably  by 

oxidizing  action  of  the  ossone  generated   by   these  phenomena. 

nitfates  are   formed  in  the  soil  and   natural  waters  by  the  oxi- 

on   of   OTganic    matter,   called    nitrificalion,   and    is   induced    by 

im  microscopic  org;anisms  called   nitrifying  bacteria.    In  some 

Jllks    this    process    is    conducted    artificially.      (See    Potassium 

Nittate,) 

The  commercial  acid,  prepared  as  above,  contains  sulphuric  acid, 
tmces  of  iron,  the  oxides  of  nitrogen,  and  chlorine.    It  is  purified  by 
RdistiUation  ^ilh  plumbic  nitrate,  which  retains  the  impurities  and 
oms  only  the  pure  acid  to  distil  over. 

Properties. — The  pure  acid  is  a  colorless,  rather  heavy,  fuming 

[|tijd,  having  a  sp.  gr,  of  1,52,  boUing  at  ^6*^  C.  (154.8^  F,),  and  solidi- 

at  ^40*^  C,  ( — 40*^  F.).     The  sp-  gr*  and  boiling  point  of  the 

add  vary  with  the  proportion  of  acid  present*     \\1ien  strongly 

J  or  on  exposure  to  light  and  air,  the  add  turns  yellow  and  is 

apo^ed  into  nitric  tetroxide,  NjO^,  water,  and  oxygen. 

Nitric  acid  readQy  gives  up  a  p<jrtion  of  its  oxygen,  and  thus  acts 

as  a  sti^ng  oxidizing  agent,  attacking  and  destroying  vegetable  and 

^aninial  tissues  and  coloring  matters.     It  is  sometimes  used  as  a  cauter- 

^King  agent,  first  producing  a  yellow  stain,  then  destroxing  the  tissue. 

^RHuie  it   o^iidiz^  most   organic    bodies,  it   enlers   into  the   composi- 

^Rion  ol  others,  forming  substitution  products*    Thus  glycerin,  cotton, 

sugar,  etc*,  when  treated  with  it,  form  explosive  substitution  products. 

Mo6l  metals  dissolve  in  the  acid^  forming  nitrates;  gold  and  platinum 

are  exceptions*     The   non-metab  or   negative   elements  are  usually 

oxidized  by  iL    Metallic  iron  dissolves  readily  in  the  dilute  acid,  but 

vbea  piufigicd  into  the  strong  acid  it  assumes  a  condition  known  as 

ilbe  pASStve  state;  if  now  it  be  put  into  dilute  acid,  it  is  not  attacked 

by  it  until  a  piece  of  platinum  is  brought  into  contact  with  it,  or  by 

e  other  means  the  passive  condition  is  destroyed*    Nitroso-nitric 

is  a  yellow,  partially  dccomfKJsed  acid,  containing  nitric  peroxide, 

ijO^,    A^aa  regia  is  prepared   by  mixing  together  four  parts  of 

iyiifDchloric  and  one  of  nitric  acid;    it  soon  assumes  a  yellowish- red 

1;  aistl  has  the  power  to  dissolve  gold,  platinum,  and  other  metals, 

i the  formatjon  of  chlorides  (p.  rij). 

Fymlng  Nitric  Acid.— A   reddish-brown  acid,    Sp*    gr,,    i^s^S* 
ffitaifung  N'l*  >j  or  NjO^,     Used  as  a  powerful  oxidizing  agent. 
Official  Forms,— Acidijin  Nitricmn  (U.  S,  ?,,  Br*).— Sp,  gr., 
"i^j  at  as**  C  (77^  F,),    Contains  sixty-eight  per  cent  of  HNO,, 
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Acidum  mtrictun  dilutum  (U.  S,  F.)  is  prepared  by  addmg 
5,8  (Br-,  4*3)  parts  of  distilled  water  to  i  of  the  above  acid.  Sp.  gr*, 
1.054  at  25*^  C,  (77°  F.),  and  contains  ten  per  cent  of  HNOj.  Used 
for  internal  administration.     Dose,  about  2  ex,  (jo  minims). 

Tests*—!,  Add  to  tile  susjiected  Liquid  some  fcrrous  suJphaie,  and  pour  tS*  | 
mixture  on  strong  sulphuric  ncid  in  a  lest-tube,  A  black,  bfown,  or  radish  air"*  ' 
at  the  poini  of  contact  of  the  two  tiqiiids  indicaies  nitric  acid, 

2.  Heat  the  suspected  solution  with  a  few  drops  of  sulphuric  acid  falnlij  cd-  1 
ored  with  indigo,  when,  if  nitric  acid  or  a  miratc  be  present,  the  blue  cobr  wiM  dfip  i 
appciir, 

3.  The  strong  acid  imparts  a  deep-red  color  to  the  alkaloid  bnicine, 

4.  When  heated  wi\h  copper  lurnings*  the  litjuid  assumes  a  green  cokir  1 
evolves  reddi:ih  fumes.     When  the  acid  is  in  combinaiion,  a  stronger  add  musibej 
added  10  set  it  free,  as  in  tes^t  2. 

Physiological  Effects,— In  small  quantities,  well  diluted,  it  is  a 
stomachic  tonic,  and  augments  the  secretion  of  lu-mc.  It  seems  lo 
be  mostly  decomposed  in  the  Ixxly^  but  a  small  quantity  may  pa^s 
into  the  urine  as  nitrates;  it  acts,  therefore,  as  an  oxidizing  agent. 
The  strong  acid  is  a  corrosive,  violent  poison,  first  staining  the  tissues 
and  vomit,  with  which  it  comes  in  contact,  a  bright  yellow  cvdor,  and 
then  corroding  them.  These  stains  will  be  found  on  the  tongue  aod 
fauces  in  cases  of  poisoning  by  this  acid. 

Antidotes. —Milk  of  lime,  magnesiaj  or  other  alkalies  well  diluttti, 
followed  by  sustaining  treatment* 


PHOSPHORUS. 

p  =-  31. 

Density  of  Vapor,  67,    Molecular  Weight,  124  *==  P|.    At  VeirHigb  Tem- 
pera tures^  Density,  3  r ,  and  Molecular  Weight,  62  ^  P^, 

Occurreace*— Disccjvered  by  Brandt,  in  1669,  in  urine;   and  by 

Gahn,  in  bones,  in  1769.  It  does  not  occur  native,  but  as  phosphates, 
and  in  organic  substances.  The  most  common  mineral  is  calciuro 
phosphate,  Ca3,(POj2,  Phmphariie,  derived  from  the  bones  of  prchisr 
ioric  mammals. 

Preparation.— Phosphorus  is  usually  prepared   from  the  ash  ti 

I  burnt  bones,  or  powdered  phosphorite,  in  which  it  exists  as  tricaldum 

phosphate^  Cii^(VO^)^.     By  treating  the  ash  with  sulphuric  add,  it  is 

first  converted  into  a  soluble  monocalcium  phosphate,  sometimes  called 

iperphosphate. 

Ca,(PO^)a  +  aH^O^  -  CftH,(PO^),  +  iCaSO,, 

The  CaH^(POJ,  is  dissolved  in  water  and  drawn  off,  leaving  the  in- 
soluble CaSOj  in  the  vat.    This  solution  is  evaporated  to  dryness, 
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Utfr  idding  powdered  charcoal  and  sand,  and  then  transf erred  to  a 
rritirt,  ulv^^e  liCiik  dips  under  water.  The  retort  is  then  gradually 
bciitd  bj  J.  hiffh  temjierature,  when  the  CaH^(POJ,  k  first  dehydrated 
imi  tunvrrted  itito  calciuni  metaphusphate,  Ca{P08)3^  and  water,  and 
ihczi  un<ieii»<>es  reduction  under  the  action  of  the  carbon  and  sand  as 

jCa/POjj  +  iJSiO,  +  loC  =  jCaSiO,  4-  toCO  +  P^. 

The  free  phosphorus  distils  over  and  condenses  under  the  water  as 
ait  tttpore  article^  which  is  purified  by  redistlUatiunj  or  by  fusing  it 
oadcr  ivaier  with  sulphuric  acid  and  potassium  dk'hrc>mate.  It  h  then 
Qat  into  bticks,  to  mi  i Ids, 

Pbysteal  Properties, — Phosphorus  is  met  with  in  several  distinct 
dbtnufiic  states. 

The  ofdinaf>^  U'^rm  is  a  translucent,  wa^Tydooking  solid,  which,  at 
m^smty  idujicraturcs,  is  tenacious  and  of  about  the  consistency  of 
WMXi  but  at  o**  C\  (ji^  F.)  and  below  it  becomes  brittle.  It  melts 
water  at  44**  C,  (iii^  F.)  and  boils  at  390^  C.  (554^  F.),  By 
ol  C^t  ii  s*»on  become  coated  with  a  whitish  or  reddish 
pfobably  an  oxide.  Its  sp.  gr.  is  i,8a  at  25°  C  (77^  I\),  It 
b'dktuictly  luminous  in  the  dark,  and,  when  exposed  to  moist  air, 
emu  ilic  odor  of  oxone*  This  luminosity  is  termed  phosphoresceDce, 
Mad  a  simitar  proficrty  is  shown  by  certain  other  bodies*  It  is  insoluble 
il  vmier,  sliglidy  soluble  in  alcohol,  but  soluble  in  ether,  benzene, 
Kixl  in  the  fixed  and  essential  oils.  The  best  solvent  is 
dbitlfih^lc.  Frr»m  this  solution  it  separates  in  the  form  of 
'  nmi  d<Mictahedral  crystals,  WTien  a  fK>rtion  of  ihe  solution 
il  pomcd  upon  filter-paper  and  aUowed  to  eva^)orate  spontaneously, 
iHakcft  fire  when  tlte  evaporation  of  the  solvent  Is  complete. 

^    "  or  amorphous  phosphorus  is  a  reddish-brown  amorphous 
V  ol  ^h  gr.  3.14,  insoluble  in  carbon  disulphide;    it  does  not 
in  the  air,  and  docs  not  show  the  phosphorescence  in  the  dark. 
VUe  ordJnaiy  pikoofibory^  is  vcr>^  poisonous,  even  to  workmen  hand- 
ily ihi»  ir«TW?ty  k  rntirHy  harmless.     Wlien  healed   10   260^  C. 


iSPaf 


Re^ 


'    'nelt,  but  ^adually  sublimes.     The  vapor  is 

ivry  form,  wiiii h  titkes  fire  in  presence  of  air. 

IS  prcparrd  by  hc;iting  the  ordinary  variety,  for 

,.  urs,  to  a  trmfHrnitiire  of  from  250°  C.  (482°  F.) 

F.)  in  an  atmosphere  of  hydrogen,  cirbon  dioxide, 

-*  iron  vcsiscL    The  mash  h  then  washed  with  carbon 

1  with  a  solutnm  of  s*xliym  hydroxide,  to  remove 


rniiininj;. 
iiurus  have  been  formed.    The 


he  metallic    J 
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form  is  prepared  by  heating  the  red  variety  in  a  sealed  tube  to  jflo^J 
C.  (932^  F,)^  when  bkck,  metallic -looking,  microscopic  needles 
lime  into  the  cooler  portions  t>f  the  tube*     The  sp.  gf.  of  this 
is  2.34,  and  it  is  less  active  than  the  red  variety. 

Chemical  Properties- — The  most  characteristic  propert}-  of  phos-j 
phorus  is  its  ready  oxidation.  If  the  ordinary  variety  be  heated  tol 
60^  C.  (140°  F.)  in  conttct  with  air,  it  takes  fire  and  bums  wiili  il 
brilliant  flame,  and  evolves  a  voluminous  white  cloud  of  phosphonisj 
pentoxide.  It  may  be  bumcd  under  hot  water  by  throwing  a  jet  of] 
oxygen  upon  it. 

It  must  be  kept  under  water  to  prevent  it  from  taking  fire  spontaoe-l 
ously.     WTien  fragments  partly   covered   with  water  are  exposed  ift] 
the  air^  white  fumes  are  seen  to  rise  from  them  which  contain  o^ne,! 
hydric   peroxide,   and   t>ossibly    ammonium   nitrite,    NH^NO,.    Tlm\ 
ozone  is  the  cause  of  the  odor  usually  detected  when  phosphonis  i 
exposed  to  the  air.     The  red  variety  does  not  oxidise  in  the  air,  andj 
may  be  handietl  with  impunity.     Phosphorus  unites  readily  with  fluo-j 
rine,  chlorine,  bnimine,  and  itxline,  forming  in  each  case  two  com- 
pounds of  the  general  formula  PR^  and  PRj^,  except  in  the  case  rf] 
iodine,  which   forms  PI3  and   Pla.     An  oxychloride  of  phospbonis>| 
POCl,  is  also  known.     It  combines  with  most  other  elements  except- 
ing carbon  and  nitmgen.     It  reduces  s*:>me  metallic  salts,  as  copper] 
and  silver,  to  the  metallic  state. 

Tests. — Its  phosphorescence  in  the  dark,  either  as  found  or  afJer  I 
separating  it  with  carbon  disulphide  and  evaporation  of  the  solvent,  is 
used  as  a  test.     It  imparts  a  green  color  to  the  hydrogen  fliime,  when  ' 
this  gas  is  a>nducted  through  a  solution  containing   free  phosfjhoms 
before  being  burned. 

Physiological  Action. — Owning  to  the  ready  inflaramabjlity  ^ 
the  ordinary  variety ,  deep  bums  are  liable  to  occur  from  carclcsi 
handling,  which  are  more  serious  and  difficult  to  heal  than  bums  fit>ii» 
other  combustibles,  WTien  taken  intemaliy,  phosphorus  is  a  very 
poisonous  substance.  Cases  of  poisoning  from  '*nitsbane"  or  "Di 
poison  **  containing  it  are  not  infrequent. 

The  symptoms  of  acute  pfjist:ining  are  a  garlicky  odor  and  taste  m 
the  mouth;  heat  and  burning  in  the  stomach;  vomiting  of  a  dark- 
colored  matter,  which  is  phosphorescent  when  shaken  in  the  dark. 
Vk^oak  pulse,  low  temperature,  cold  extremities,  dilated  pupils,  aiwl  a 
clear  mind  are  usually  seen.  Death  occurs  in  from  two  to  twelve 
days.    The  average  time  is  about  three  to  four  days. 

These  symptoms  may  make  their  appearance  in  an  hour  after  the 
poison  is  taken,  or  after  three  or  four  days. 

The  poisonous  dose  varies:  ^  to  J  of  a  grain  has  produced  death*  ( 


PHOsreoRus  and  hyokogen. 
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^L^^Antidotas.^Theie  k  no  chemical  antidote.  Emetics  or  the 
^■■^icb-pump  are  the  best  early  treatmenl;  then,  mucilaginous 
^^^Mts^  with  lime  or  magnesia,  or  oil  of  turpentine,— the  old  oil  is 
Im,— but  no  other  oUs  should  be  given,  as  they  dissolve  the  phos- 
fhorus  «tid  favor  abi^jrption*     Recovery^  is  rare« 

Qinmk  poisoning  of  workmen  in  nmtch-factories  fretjuently 
th«  sjTiiploms  are  fatigue,  pains  in  stomach  and  bowels, 
diiurhm,  carious  leeth,  swollen  and  intlamed  gums,  and  finally 
of  the  jaws»  usuaiiy  the  lower*  Fatty  degeneration  of  the 
fiptr,  kidneys^  heart,  and  other  muscles^  and  destruction  of  the  red 
avposrlcs  are  also  common, 

*nusc  cvUs  are  now  remedied  By  using  red  phosphorus  in  mak- 

ttgjiwHrhes  as  it  is  not  poisonous,    ^__^^ 

/""iMBcial  Preparations-— Oreum  I^osphoratum  (Br.)-— A  one  per  J 
(^«^  j*>liiti<>n  ♦>f  i>hrj,sjihurus  in  sjyeet-^lmttnd  t>iL  ^^^ 

^PUmlst  Pbosphori  (U,  S.  P.).— These  pills  contain  0.0006  gm. 
trlf  ^i  *^^  phiisj chorus  each,  and  are  coaled  with  balsam  of  tolu, 
Tfirpbo^itiorus  pill  of  the  B.  P.  contains  two  per  cent  of  phosphorus, 
UMS, — Phosphorus  is  chiefly  used  in  the  arts  for  the  manufacture 
nutdics^.  ^latches  of  the  older  variety  are  made  by  dipping  the 
of  the  $ticks  in  melted  sulphur  and  then  in  a  mixture  of  gum, 
Oflridirfng  agent  (MnO^),  and  yellow^  phosphorus.  These  matches 
,  inflammable,  and  the  workmen  suffer  from  poisoning, 
e  icastms  they  are  being  gradurdly  displaced  by  the  safety 
III  tbese  the  head  of  the  match  consists  chiefly  of  a  mixture 
chlomte  and  antimony  sulphide.  They  are  ignited  by 
them  on  a  Efface  cx>ated  with  red  phosphorus. 


PHOSPHORUS  AlfB  HYDROGEIT. 

are  three  hydrides  of  phosphi*rus  known,   which  are  all 
by  boJMtig  phoijphonis  with  strong  potash  or  soda-lye,  or  with 
,9d  mm. 

SSMH  +  P,  +  5«,C)  -  jNftll^O,  +  PIV 

L  h  ajio  produced  by  the  action  of  water  on  cilcium  and  other  phos* 

5CM*.  +  i^n»0  -  6Ca(OID,  4-  4PK»  +  V^ 

as  a  gaiAi^us  mixture,  which  takes  fire  spontaneously  on 

_  lo  Ihc  air.     When  the  beiik  of  the  retort  in  wfiich  it  is  pre- 

fUpi  under  water,  a  precaution  alimys  h  be  i*iken,  each  bubble 

im  coming  t«  ihe  surface,  producing  beuutiful  white  rings  of 
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PjOj,  This  inflammable  gas,  composed  mostly  of  PH^,  is  fomid, 
on  examination,  to  contain  also  a  liquid  compound,  P^H^,  which  m 
highly  inflammable  on  exposure  to  air.  while  ihe  gas  PH^  is  not 
This  yellow  volatile  liquid,  oo  standing  in  sunlight,  deposils  a  vcHcw 
solid,  P,H,. 

Phosphin  {Phosphoretted  Hydrogen)  >  PH^  is  a  cDlorl«^  ^ 
sparingly  soluble  in  water,  and  hus  a  strong  alliaceous  odor. 

The  impure  gas  is  formed  daring  the  putrefactive  decomposilion 
of  organic  substances  contiiining  phosphorus,  especially  under  water, 
and  takes  hre  spontaneously  on  rising  to  t^ie  surface,  producing  the 
ignis  fatuus,  or  '*  Will  o'  the  Wisp,*'  sometimes  seen  in  marshy  pUca. 
The  gas  is  ver>'  poisonous,  even  in  small  quantities.  The  blood, 
after  deaths  caused  by  it,  is  found  to  l>e  dark -colored,  with  a  \iolel 
tinge,  and  has  lost  the  power  of  abs<.jrbing  oxj'gen.  It  poiscms 
by  its  reducing  action  on  the  blcxxl.  Its  density  is  17,  and  its  sp.  gr. 
1. 134. 

Phosphin  resembles,  in  chemical  behavior,  the  corresptonding  am- 
pound  of  nitrogen,  NHa.     It  unites  directly  ^ith  HBr  and  HI  to  furro 
phosphonlum  bromidej  PH^Br,  and  iodide,   PHJ,  correspoi 
with  the  ammonium  com[>ounds,  NH^Br  ami  NH^L 

PHOSPBORUS  AKD  THE  HALOGENS. 
Fhospbonts  forms  the  following  Lom|x)unds  with  the  halogen  group; 


PF^  PCI, 
PF^  PCL 


PBr^  P,I,, 


Pbosphoms   forms   four   compounds   "with  chlorine.     Phosphoms   trichloride,  j 
PCl^  J5  a  colorle&s  fuming  liquid,  boiling  at  74°  C.  ( 165*2°  F.),  sp*  gr*  1.64,  vjidiiie* 
pared  by  dLrcct  union  of  the  elements.     It  is  much  used  as  a  reagent  ia  oiftilk 
chefoistry. 

PfaMphonts  pcntachloride,  PCl|,  is  a  yellowish -white,  crystalline  adUd, 
fuming  in  the  air.  und  sublitning  without  fusion  when  heated.  Ii  is  prepared  ti(f 
treating  PCI,  with  an  excess  of  rhlorim%  and  is  used  as  a  reagent  in  organic  chcm* 
i&try. 

Phosphorui  orychloride,  POCla,  is  formed  by  the  action  of  a  limited  qiuotinr 
of  water  on  the  ]>cntarbloridL'.  It  is  a  colorless  liquid  with  a  pungent  odor  aftd  » 
sp,  gr,  of  1 . 7 .  Boils  at  1 1 0"=^  C .  (2 30°  F.) ,  FhosphomB  thiochloride ,  PSCl,  ii aka 
known.  Phosphorus  unites  directly  with  bromide,  jiving  a  tribromide.  a  peoti' 
bromide,  an  oxybromidcj  PC)  Br,  and  a  thiobromide.  PSBr,  and,  with  iodine,  ffiviM 
two  crystalline  solid  compounds.  PI3  and  Pjl;;  and,  with  fiuorine,  giving  PF^ino 
PFfl.  Thtse  latter  tomfx>unds,  as  well  as  those  of  phosphorus  'ft'ith  sulphur,  d 
which  there  are  six  kncjwn,  are  of  no  special  interest  to  the  medical  studenU 
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PHOSPHORUS  AlfD  OXYGEW. 
The  followLng  oxides  and  acid^  of  phosphorus  are  known: 


fflt  Fboipfaoriis  HoQoxide 


P/>,  FlioafJiorus  Trioxid«. 

Tetroride. 

ortis  Pentoiide  or 
Pfao^hofic  Anhydride* 


Hypo  phospho  rotis  Ac 


M— Pl^H       Pt^osphofpua  Acid^ 

H— O^ 

H— O — P— O    Phosphoric  Acid. 

H— 0--  " ^ 


H- 


p=o 


A 


Pyrophosphoric  Add. 


II_0 — P^rt     Metaphosphoric  Acid. 


V 


It  m&  he  observed  tlml  phosphorus  is  pentivalent  in  all  these  adds  , 
-^  #^  its  val^oe  dixs  not  vary  as  do  most  other  elements  in  fomiingl 
Ifce  dMfgrrnl  classes  of  adds, 

Hypophosphorom  Acid,  Acidum  Hypophosphorosum  (U.  S,  P.), 
— HjPOj*  WTien  ordinary  pho^^phorus  rs  Ixiiled  with  a  scilution  of 
^ufraiDt  |K>tasslum,  bannm,  or  calcium  hydroxide,  phosphorus  hydride 
ffOHHs,  acid  there  Is  formed  in  the  soJution  a  hyptiphosphite  of  the 
vetu  |iiv9iiiit« 

jBa(OH),  +  BP  +  6H,0  -  3Ba(H,POj)j  +  aPH, 
Tie  add  may  lie  prepared  from  tlie  barium  salt  by  treatment  with 


,-,k  JHi 


fe  sulphuric  acid  to  piedpitale  the  barium  as  sulphate, 
Th'  :*c»luti<in  is  then  to  be  concentrated  under  the  air-pump, 

m  bfcn  rjccofijpo5c&  it.  The  acid  thus  prepared  is  a  colorless,  syrupy, 
fltfCMiiljr  add  ifafuid;  (t  b  unstable  in  the  air,  ^adually  changing  into 
and  phos|>horic  acids<  The  official  acid  is  seldom  pre- 
but  ncvenil  of  its  salts  are  used  in  medicine.  They  are 
in  powder,  pill,  In  solution  in  water  with  a  little  citric 
addt  «r  in  thr  form  of  ^vrup.  They  have  a  strong  reducing  action  on 
wwy  fnctatlic  salts*  and  this  should  be  remembered  In  prescribing 
AenL  Marctiiic  chloride  i.^  reduced  to  metallic  mercuiy  by  the 
aftafinr  hj^ophospliites,  and  ferric  i<i  ferrotis  salts. 

AeUmB    liypophosphorosum    diJutum  {X.L  S,   P.)   is  a  color; 
kai»cdorie»  tif|uid.  nu^iible  in  -ill  pn>porlion&  with  water.     It  shoul* 
ICD  per  cent  of  abtiolute  hy^x^phosphorous  add,  H,FO, 
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When  subjected  to  high  temj>eralures  it  breaks  up  into  PH^  tad 
HjPO,,  the  PH,  igniting  on  contict  with  the  air 

T«StS. — I .  Silver  nitrate  gives  a  black  precjp^ttaie  of  meiallic  ^Iver. 

2.  Wheti  gently  healed  with  CuSO^  solution,  a  yellow  precipitate  of  hydriik 
of  copper  fallsj  which  rapidly  turns  reddish  brawn. 

Hyixiphosphorous  as  well  as  phosphorous  acid  is  peculiar  in  its  coropasluoTL 
While  there  are  three  atoms  of  hydrogen  in  the  molecules  of  both  acids,  but  one  in 
the  fij^t  and  two  in  the  second  are  basic — f  .*^.,  that  can  be  replaced  by  a  basic  radkaJ 
or  metallic  atom.  In  these  two  acids  the  phosphorus  is  pentad,  as  in  ]jhosphoric 
acid.  In  hypophosphorous  acid  two  nan -basic  hydrogen  atoms  are  believed  to  k 
united  directly  lo  the  phosphorus,  while  ihc  basic  hydrogen  atom  is  linked  to  it  h/ 
an  oxygen  atom,  thus: 

f— O— H 
-O-H 

Phosphorous  Acid* 


4--0— H. 


HypophosphDroiis  Add» 

Phosphorous     Oxide, 


—OH 

OH 

OH 
Phospbcsric  Acid. 


ozP- 

Phospbcsric 

Tiioxide.— PjO^. 


This 


Phosphorus 

compound  is  formed  by  the  slow  oxidation  of  phosphorus  in  dry  air. 

When  dissolved  in  water  it  forms  phosphorous  acid, 

Pp*  -f  aHsO  =  2H,PO,or2H,PHOa, 

Phosphorous  acid  is  a  colorless  liquid  ^  which  is  easily  o^tidixed 
to  phosphoric  acid  by  absorbing  oxygen  from  the  air, 
Its  salts  are  known  as  phosphiles* 


H-O-p=0 


It  is  a  dibasic 


acid. 


Na-PHOj, 
K,PHO, 


Sodiuni  phosphite. 
Potassium  phosphite* 


V  fori 


Tests. — I.  With  HgCI,  it  gives  a  white  ppt.  consisting  of  HgjCl^ 

a.  WithAgNOj  it  givt^  a  bliick  ppt*  of  metallic  silver.  -* 

Phosphoric    Oxide,   Phosphorus   Peatoxide.— P^Oj,    This   Is 

formed  by  the  rapid  burping  of  phosphorus  in  the  air,  and  rises  as 
a  voluminous  while  cloud.  It  has  a  powTrful  affinity  for  water,  with 
which  it  combines  with  a  hissing  noise,  fonning  metaphosphoric  acid; 
this,  when  hciited   with    more    water,  is   converted    into    orthophtis- 

phoric  acid. 

PjOj  +  Hp  =  2HPO3. 
aHPO^  +  2  HP  -  iH^PO^, 

Orthophosphoric  acid,  or  common  phosphoric  acid,  HjPO^, 

is  the  most  important  acid  of  phosphorus.  It  is  readily  prepared  by 
boiling  phosphorus  w^th  diluted  nitric  acid  and  evaporating  the  solu- 
tion to  a  syrupy  consistency. 

A  very  strong  nitric  acid  should  not  be  used,  because  the  oxidation 
would  then  be  so  rapid  that  an  explosion  might  occur, 

3P,  +  loHNOa  -h  4HP  =  6HjPO,  +  sNsO^ 


r 
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It  aajf  ftlso  be  made  by  decomposing  phosphates  with  sulphuric 
add.    It  is  a  tiibasic  acid  formitig  three  series  of  salts,  namely: 

Ronxial  Salts. 


Na^O^      Trisoditim  phosphiite« 
Ca/I*OJj  Tricalcmin  phosphate. 


1^  Acid  Salts. 


»   }  Na^HPO-       Disodmm -hydrogen  phosphate. 

'  t  Ca^Ji/POJ,  DiLakium-hydrugefi  phi>sphatc, 

^  I  NaHjPOj       Sodium ^dihydrogen  phijspha.lc. 

\C*H<(POJ,   Mono-aiidurn-tetrahydfogtn  phosphate. 

onilrr  A  liAte  &  netilral,  and  those  under  B  an  acid  reaction^ 

^.  BoBUt  Salts. 

NHaMgFO|  Ammomum-magne^um  phosphate. 
KBiPOj        Potas&ium-harium  phosphntc. 

Acidqm  pbosphorictim  (U,  S*  P.)  is  a  colorless,  odorless,  non- 

sirongjy  acid  Uquid,  containing  not  less  than  eighty-five  per 

of  absoiutc   phosphoric  acid.     Specific  gravity,  1*707  ^t  ^5°  ^* 

(J7*  F.).     It  b  miscible  in  all  prc^fwrtions  with  water  and  alcohol 

mhen  heated  to  aco^  C,  {^q2°  F,)  it  loses  water,  and  is  gradually 

intii  pyrophtisphoric  acid.     At  a  higher  tcmf*eralurc  it  is 

into  me ta phosphoric  acid,  which  vokitilisics  in  dense  fumes 

CGDiideQ!»es  into  a  transparent  mass  called  glacial  pbospboric  acid. 


iHjPO^  —  HjO  —  H^PjO;     PyrDphosphoric  acid. 

jH^PO^  —  sH/y  —  sHPO^    Gkdal  or  mctaphosphrmc  add. 


I 


pliospboricum    dlttttum  (U.  S.  P.)  contains    ten    per 
of  afaaolulc  JljPO^.     Si>ecific  gravity  is  1,057  ^^  25^  C  (77^  F.)* 

TMilk — t*  Add  ii  idigbt  eiEccss  of  KH^Ott^  then  a  sf>Iuikin  of  NH^CI  jind  some 
Hj^BOi  niltitiufi,     A  whttr,  crysUllme  pri^dpitate  of  ammomurn'magticsium  phu&> 

JVO,  +  MgW.  +  jNH.OlI  -  NH,MgPO,  +  (NHJ^O^  +  3H,0. 

«*  If  Ihbpfit  b^  dasolvcd  in  dilute  «cetic  jidd  and  u  sululioa  of  AgNO|  sidded, 
JiibW'iKCef    ' ^     -^  'i  isprodurcd. 

^pMBC^ ftCld«.  Of  t^  -  I  ^~-^f 

^tmmotllntn  Jt  pfoducrd.    "Phr  ppt.  k  rt-Adily  ^ilubk  in  ammoitiii  water,    ^'his  m 

Addum    pbospboricum    coQcentratum    and    actdum    pbos- 
dilutum  (Br.)  contain,  respectively,  66.3    and    1^.8    per 

Pyrapbospboric   Acid.— Wlien    [>hosphoric   acid    h   heated    to 


um  molyhdjitc  in  dilute  HNOj^  be  added  to  phos- 
jiid  hcatapplicd^a  yellow  ppt.  of  phosphomolybdate 


about  200"^  C,  (392^  F.),  two  molecules  of  the  add  lose 

of  water,  and  then  unite  to  form  a  doubly  condensed  molecule,  HJ 
which  is  called  pyrophosphoric  add.  This  is  a  tetia  basic  add 
forms  salts  called  pyrophosphates.  Sodium  pyrophosphate  has  th\ 
raula  Na^PjOj.  If  instead  of  heating  the  acid,  we  heat  the 
sodium  phosphate,  NaHjPO^,  we  obtain  the  acid  pyrophosp 
HjNajPjO^,  This  salt  has  been  used  in  the  manufacture  of  hi 
powder. 

Tests,— I.  It  gives  a  white  ppl.  with  ammQnio-nitiiaie  of  salver.    The 

acid  gi%'ea  a  yellow  ppi» 

2.  It  is  tiiii  precipitated  by  ammomum  moL/bcUte,  aod  does  1^  co^ 
ftlbumin. 

Metaphosphoric    Acid,    Glacial    Phosphoric     Acid.— H 

When  pyrophosphoric  acid  is  heated  almost  to  redness^  inetaph<?sp 
acid  is  produced  as  a  white,  glassy,  colorless  solid.  It  is  usually 
pared  by  heating  ammonium  phosphate  to  a  red  heaL 

(NH,),PO,  -  3NH,  +  H,0  +  HPO^  ■ 

Metaphosphoric  acid  is  monobasic,  and  forms  salts  called  mc^ 
phates,     NaPOj  is  ihe  formula  of  metaphosphate  of  sodium. 

Mcta-  and  pyrophosphoric  acids  and  their  salts,  when  in|< 
hypodermatically,  have  a  decided  inhibitory  action  u|>on  the  11 
ganglia  uf  the  heart,  and  may  even  cause  sudden  death  whea  | 
in  too  large  quantities.  When  given  by  the  mouth  no  sue 
occurs. 


no  suc^j 


TestSi  —  I*  The  mctaphosphates  give  a  wliite  precipitate  with 
of  silver 

2.  The  acid  coagulates  albumin^  while  p>Tt>-  and  ortho'^pht^pbofic 
not. 

3.  It  is  not  precipitated  by  MgSO^,  in  the  presence  of  NH^OH  and  NH^ 
is  the  ortho-acid. 

Phosphorus  and  Sulphur. — Several  compounds  of  phosphorus  and  3« 
tire  known,  corrcspomiing  to  the  comptiunds  with  o^xygen.  They  are  obtain 
healing  sulphur  with  redjjhcsspfihrus*  P^Sj  and  PSClj  are  known,  and  salts  < 
pho-phtjsphadc  acid,  as  KaPS^  — i,  *.,  a  phosphate  in  which  S  takea  the  placed 
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Occurrence. — ^ Arsenic  occurs  native  and  as  metallic  ai^er 

Li^H  the  ^^nlph  ides  orpiment,  As^Sj,  and  realgar,  AsjS^;    as  aiae 

pyrites  or  mispickel,  1  eAsS ;  and  as  cobaltite,  CoAsS.     B^ide 

cmtiiXK  i^  these  minerals  in  considerable  quantities,  it  is  contains 
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qimridtics  in  a  greal  number  of  other  minerals,  and  even  in  or* 
subsUnces.     The  clement  and  ihe  sulphides  were  known  to  the 
indents 

PT«{iaratioii* — It  is  iistiaUy  obtained  in  the  fonn  of  the  oxide  by 
ad»  ^pickel  and  condensing  the  white  volatiHzefJ  As^Os;    this 

•liv  1  strotigiy  heated  in  a  retort  with  charcoal,  when  the  ele- 

OMDI  distib  over,     hi  some  places  it  is  distilled  from  arsenical  pyrites 
Id  dosed  retjoais,  wiien  the  following  reaction  takes  place: 

Altliay^  this  is  the  method  most  used,  it  may  be  obtained  from  other 
iiymimJs  GDiitaining  it, 

Piopefties. — A  brittle,  steel-gray,  crj^talline  solid,  possessing  a 
htster  and  a  ^i.  gr.  of  5.75.  It  also  exists  as  an  amorphous, 
black  mas^,  easily  pulverized,  and  having  a  sp,  gr.  of  4*71, 
1%ere  h  aJso  a  yellow  form,  soluble  in  carbon  disulphide,  and  resem* 
bGog  pboaphoru^  At  a  high  temperature  all  these  altotropic  forms 
pus  fallo  lie  ordinari^  crvstalline  form.  When  heated  without  contact 
with  air,  tinder  ordinary'  pressures,  it  sublimes  at  iSo°  C,  (35^^  F^O 
widsoat  previous  fusion ;  but  under  strong  pressure  it  fuses.  Its  vapor 
Itts  A  ^clkm  o>ior  and  a  density  of  150;  its  molecular  weight  is,  there- 
iore^  300,  ami  its  molecubr  formula  As^,  At  a  white  heat  its  density^ 
li  75  ftfifl  m4>ieciilar  formula  As^.  In  dr>*  air  it  is  permanent;  but 
when  heated  ii  bums  with  a  bluish  fliime,  emitting  the  odor  of  garlic 
lod  white  fumes  of  arsenous  oxide,  AsjO^,  It  combines  directly  with 
mtrnw  of  the  element^^,  both  metallic  and  non-metallic,  as  chlorine^ 
III iimim ,  iodine,  cop|>er,  iron,  etc.^  yielding  arsenides.  The  metallic 
aamiilcs  resemble  alloys.  It  combines  readily  with  nasceBt  hydro^ 
gm^  mbkh  takes  it  from  any  of  its  soluble  compounds.  Nitric  and 
nkinirk  acids  are  dccomjxised  by  it,  without  forming  salts.  It  is 
gwiaed  hy  boiling  .^^olu lions  of  caustic  potash,  forming  potassium 
laollEajid  ammide,  ami  arsin. 

Aneok  i&  used  in  p>Tolechny,  in  the  manufacture  of   fly -poison 
(wdo^  the  name  of  cobalt),  rat  poison  (*' rough  on  rats"),  shot,  and 


ARSEiriC  AUD  HYDROGEIf , 

Bjrdrofeii  Ancnide,  Arsenluretted  Hydrogen,  or  Arsin,— 
BiQl  ooe  aiscQide  of  hnlrugen  i<>  known,  A«^H^.  It  is  of  great  pructicat 
iolmst  to  Che  toxioologist,  as  it  enters  into  !i/>mc  of  the  most  dclitiate 
lob  for  the  detection  of  the  dement.  It  may  be  prepared  by  a  num- 
ktr  oif  nEAClitMts^  the  mo^^t  common  of  which  are  the  following: 

i«  By  dccompcmng  the  metallie  arsenides  with  hydrochbric  acid* 
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2*  By  the  action  of  nascent  hydrogen  upon  arsenical  compouiKls 
m  solution.  This  may  be  generated  in  ihe  hot  solution  by  the  actloa 
of  caustic  potash  or  dilute  sulphuric  acid  upon  metallic  ^inc. 

3.  By  the  reducing  action  of  moist  organic  matter  upon  compounds 
of  arsenic. 

It  is  a  colorless  gas,  with  a  strong  garlic  odor,  combustible  in  dr, 
burning  with  a  bluish-white  flame,  and  emitting  white  fumes  uf  .V^Op 
A  cold  surface  pressed  down  upon  this  flame  receives  a  black  slain  of 
arsenic.  When  passed  through  a  tube  heated  to  a  dull  red  heat^  il  h 
decomposed  into  hydn>gen  and  arsenic,  which  liist  defK>sits  in  the 
cooler  part  of  the  tube  as  a  metallic  mirror*  (See  Maish's  Test,  p» 
177O 

The  gas  is  readily  decomposed  by  oxidizing  agents  and  the  aHa* 
line  hydroxides.     It  is  exceedingly  poisonous. 

Arsenic  dimethyl  or  cacodjl,  As(CHg),  or  As^tCH^*,  may  ht  rt^guM  H 

arsin  with  methyl  replacing  the  hydrogen  atoms.  Cacodylic  oxide  may  he  pjtpntA 
by  distiJling  a  rtiixtUTTe  of  AsjO^  and  potassium  acetate,  aa  a  liquid  having  the  otlir 
of  garlic*  4ind  taking  fire  spontanecnisiy^  due  to  the  presence  of  some  cacudyL  ^TM?n 
received  under  water  it  sinks  to  the  bottom.  Its  formula  is  As^CCH^^O*  Wkfl 
slowly  oxidized  in  the  air  it  forms  cacodyl  cacodylate. 


As(CHj,),\^      ,      ^ 


When  this  is  dissolved  in  water  it  forms  cacodylic  acid,  or  dimethjl  arsenieidl 


aA£OCCH»)3y 


Cacodylic  Add. 


The  cacodylate  of  $odiuni  has  been  used  in  tnedlcine  for  internal  admimstmlioBU 
Its  offensive  c>dor  makes  itis  use  objectionable  to  most  fjcrscins. 

ARSENIC  AND  THE  HALOGEN  ELEMENTS, 

Arsenic  fonns  one  compound  with  each  of  this  group  of  elements, 
having  the  general  formula  AsR,,  in  which  R  stands  for  a  halogen 
atom. 

The  trifluoride  and  the  trichloride  are  liquids,  the  first  boiling  at 
63^  C,  (1454°  F)  and  the  second  at  134''  C,  (373°  F.),  They  arc 
fonned  when  a  fluoride  or  chloride  is  heated  with  arsenic  trioidde 
and  sulphuric  acid. 

The  tri-iodide  and  Iri bromide  of  arsenic  are  obtained  by  dired 
union  of  the  elements.  They  are  both  solids.  The  tri-iodide, 
arsenii  iodidum,  Aslj,  is  ofl&ciaL  It  occurs  as  glossy,  orange- red, 
crystalline  masses  or  scales.  It  has  an  iodine- like  odor^  gradually 
losing  if)dine  upon  exposure  to  light  and  air.  It  is  soluble  in  about 
seven  parts  of  water  and  in  thirty  parts  of  alcohoL     The  aqtieoui 
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ilitjn  gradtiallj  decomposes  into  arsenous  and  hydriodic  adds.     It 

in  the  preparation  of  liquor  arsenil  et  hydrargyri  iodidi 

jQQvaD's  sotution)  (U.  S.  P.,  Br.).     This  solution  contains  one  per 

eadi  of  Asl|  and  Hgl,, 


OXIDES  AWD  ACIDS  OF  ARSEHTC. 
Arsenic  forms  tvro  oxides,  with  corresponding  acids: 

H— O 


Arsesioiis  Oxide  or  Anhydride. 
Ars/emc  Oxide  or  Anhydride. 


H— 0^.% 
H— O^ 

Arsenous  Acid. 

HO, 


Arsenic 


HO^As=0 
Acid^ 


Arsenous  oxide,  arseni  trloxidum  (U.  S.  P.),  acidum  arseniosum 
r),  AsjOj,  IS  the  most  tmportiinl  of  the  compounds  of  arsenic.  It  oc- 
IS  in  natiire  as  arsenic  "  blocim.**  In  ct>mmerce  as  white  arsenic  and 
an  impure  form  under  the  name  of  rough  00  rats.  It  is  obtained 
ly  as  a  side-product  in  roasting  ores  of  other  metals  containing 
when  it  volatilizes  and  is  condensed  in  large  chambers  as  a 
lie  p*jwder.  It  is  purified  by  resubliraation  in  iron  retorts,  and  h 
[obtained  in  the  form  of  a  white  powder  or  glassy- looking  solid,  of 
asp.  gr.  f>f  3.69. 

FropertieSp — ^As  ordinarily  met  with,  **  white  arsenic*^  is  a  white, 
fOBievr^t  ^tty  powder^  which  under  the  micn>scope  is  seen  to  be 
up  of  more  or  less  regular  octahedral  crystals.  When  the  vapor 
ii  mptdly  coaled,  the  cn^stals  take  the  form  of  rhombic  prisms,  and 
il  is^  tlimlore,  dimorphous.  WTien  heated,  it  sublimes  without  fusing 
at  about  218*"  C  (424^  F.),  WTien  heated  in  sealed  lubes,  it  melts 
into  a  vitreous  mass.  The  density  of  the  vapor  is  19S,  corresponding 
to  the  formuli  As^O^,^  which  is  probably  the  formula  of  the  vitreous 
varirly,  while  that  of  the  octahedral  variety  is  As^O^.  It  is  soluble 
with  difhculty  in  water,  forming  a  sweetbh,  metallic,  and  nauseous- 
tasting  poiscrnous  solution  of  ansenous  add  (q,  zk).  It  enters  into  com- 
bination with  hydrochloric  acid  and  alkaline  hydroxides,  the  arsenic 
aU>tns  playing  the  basic  nMe  in  the  farmer  and  the  acid  r61e  in  the 
Nascent  hydrogen  reduces  the  oxide  and  converts  it  into  arsinj 
^  while  oxidizing  agents  convert  it  into  arsenic  acid. 
Arsaoous  acid,  HjAsO„  is  formed  by  dissolving  AsaO^  in  w^ater. 
A  Mufi«»n  of  the  add  in  dilute  hydrfjchloric  acid  is  official  under  the 
of  liquor  acidi  arsenosi  (U-  S.  V.),  liquor  arseaici  hydro- 
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chloricus   (Br-),   containing  one  per  cent,   of   As^Og.      It   forms 
series  of    salts   called   arsenites.    Potassium  arsenite   Is  official 
Fowler's    solution,    or    liq.    potass,    arseoitis    (L,    S.    PJ, 
arsenicalis  (Bn)- 

Scheele's  green  is  an  arsenite  of  copper,  used  as  a  pigmeoL 
green  is  a  mixture  of  ace tale  and  arsenite  of  copper* 

Arsenic  oxide,  .^s^O^^  is  a  whiti%  amorphous,  deliquescent 
dissolving  in  water  to  produce  arsenic  acid. 

AhO^  +  3H,0  "  aHjAsO,. 

Arsenic  acid  is  usually  prepared  by  warming  arsenous  acid  wftl 
nitric  acid^  when  the  A^O^  is  oxidized  at  tbe  expense  of  the  niti 
acid.     On  evapomting,   the  solution  yields  needle-shaped  cnstaJs  o(1 
HjAsO^.    The  aqueous  solution  is  strongly  acid.     On  heating  tbel 
cr)^stals  of  arsenic  acid,  lx>th  the  pyro-arsenic  and  meta-arsenic  adtlf^ 
are  produced »  corresponding  to  die  similar  acids  of  phosphorus.    But 
one  salt  of  this  acid   is  official,  sodium  arsenate,  NajHAsO^jHjO; 
also  a  solution  of  this  salt,  liquor  sodii  arsenatis  (U.  S<  P,,  Br,). 

ARSEKIC  AND  SULPHUR, 

There  are  at  least  three  well-known  a^mpounds  of  arsenic 
sulphur,  AsjS,,  AsjSjj  and  AsjS^. 

Arsenous  sulphide,  As^Sa,  occurs  native  as  orpiment| 
form  of  golden -yellow,  crj^stalline  nnasses.  It  may  be  prepared  arti- 
ficially by  precipitating  "Arsenous  acid  or  its  salts  with  hydric  sulphide, 
or  by  heating  together  sulphur  and  arsenous  oxide.  AsjOj.  It  is 
lemon-yellow  in  color,  soluble  in  the  alkaline  hydroxides  and  in 
yellow  ammoniura  sulphide,  but  insoluble  in  water  and  dilute  adds. 
It  may  be  regarded  as  an  anhydride  of  thio -arsenous  add,  as  it  forms 
thio-arsenitcs  with  alkaline  hydroxides. 

A%S»  ^  4KOH  -  HK^O>  +  HK^AsS^  +  H,0. 

Arsenic  peutasulphide,  AsjS^,  is  also  a  bright  yellow  powder,! 
but  is  of  uti  special  interest. 

Arsenic  di sulphide,  AsjSj,  occurs  native,  as  realgar,  in  the  form 
of  orange-redj  crystalline  masses  of  sp.  gr.  3,5,  Realgar  and  orpi* 
ment  are  used  as  pigments. 

Physiological    Effects. --Arsenic  is  much  used  as  a  therapeutkai 
agent  in  malarial  diseases,  aneniiai  chorea,  and  diseases  of  the  skin*H 
ll  is  given  alone  or  with  other  remedies.     It  is  given  in  the  form  of 
arscnious  oxide,  in  -^  u>  -^  gr.  doses  (o.ooi  to  0.005  g^O  "i"  ^^  ^^ 
Liquor  acidi    arseniosi    or   Liquor  potassii  arsenitis,  the  dose 


ARSENIC. 


"75 


rfiHlkll  %itries  from  5  lo  10  dR>ps*     It  is  frequently  given  in  gradu- 
ally iacrc»!i'ing  doses  until  the  tissues  about  the  eyes  become  swollen 


coliclcir  fiain^  .ipf>exir,  when  it  h  s^aipped  t>r  the  dose  reduced. 
Annie    Poisooing,— Toxicology,— Fnim    the    earliest    history 
fif  usfnkc,  it  has  been  used  as  a  pobon  for  criminal  purposes. 

Whale  ever)'  physiciun  should  not  undertake  the  analysis  in  cases 
cf  sspcctcd  poiMAtiing  by  Uiis  agent,  a  kiiowletlge  of  the  outlines  of 
ike  cfcemi^ts  methixls  of  anaUisis,  etc.,  will  teach  the  physician  to 
ptfw  ibc  way  for  him.  Moreover,  a  few  preliminary  tests  by  the 
^rnkiaii  may  frequently  save  much  unnecessary  litigation  and  expense 
jafKCtcd  cases*  Other  reasons  might  be  given  why  ever>'  phy- 
iiciAfi  ihcitild  have  some  knowledge  of  toxicobgical  science,  that  care 
^f  be  tdben  t£i  punish  tJic  guilty  and  protect  the  innocent.  The 
illfiirttng  physldsm  is  often  responsible  for  the  connection  of  the 
Gak»  of  mdence.  All  compounds  of  arsenic  are  poisonous,  and  the 
HdSuUly  enters  the  system  by  the  mouth,  although  it  has  been 
by  tlie  skin,  mucous  membranes,  or  abraded  surfaces  in 
qiiantities  to  produce  poisonous  results,  especially  chronJcr 


Coknd  watKpapefi  colored  toys,  confectionery,  and  certain  anilin 
dft^  maed  in  fabncs  may  give  rise  to  accidental  ai^eniail  poisoning. 


K 


piifl^clafl'i  duty  ui  cases  of  poisoning  may  be  briefly  st^terl  as  follows: 

foul  iji»y  b  i>tfo|ici  li.Mi,  he  '^hnold  nat  faii  lu  make  careful  nLJtcs,  mt  the  time, 

sjmmtjvfi^,  tLtv  f  iinces,  or  facts  leading  to  su&pidcm* 

IW  BbjnncMii  ibtrnW  d  preserve  the  tirintv  feces,  vomit,  and  the  sus- 

~  yilllrlf  of  tlhc  pohi*  f:  ihem  undvr  se^U  or  liMik  and  key.     Ite  should 

M joQKiMie  or  ttll  01  iIks*  him^l  i  as  to  the  trtith  or  fulsity  of  hk  suspicion. 

Aft  fOlriMiblidtr  a»  pos^^ i  Ijc  gjveti  to  matlers  of  fact  or  of  opinion  at  the 

t^K.     lie  tboiud  fiol  lie  tiio  ttiitiy  U*  expre^  &n  opinio jh  ufKjn  the  origin  of  the 
|i3Bua«  ia  taM»  of  tidi  kirn),  lest  he  jeopardize  the  repuUtion  of  his  patient  or 
Whether  a  fklal  tertniiSAtioA  k  expected  cur  not,  it  k  wise  to  take  these 

«C  lital  t«minatit>n,  he  .should  notify  the  prnseiuting  officer  or  coroner 

•ad  tromedlftiely  r«*qur5t  an  ftutof>^y;  ^jut  he  h  not  released  from 

ill  Ihr  cue  by  io  dcdng,  ntn  at  liUTly  to  tril  mII  he  knows,  until  suni- 

|m  i^  jiuf,  .tk»'  rV  phy^li  bf>  t)i»iiti-T  r  (rr^fiilly  refresh  his  memoiy 

0m  <finecllo(»  POT  n  rnortem  c^  .  and  on  the  postmortem 

'rt  tn*Mt^'rJ  \  !ii  ih.  r  h  the  examination  himself 

^•y  should  Ix'  present  at  the 

'*)     The  entire  btcsUnal 

.  tn,  -Jijc  Liilni  V,  ihr  hmm,  and  any  urine 

The  rntirt"  intcMmiil  rflmil,  ligalure*!  at , 

'       ^    '  —     'in  one  jar,  while  the 

r  ne^  and  clean,  and 

^,  .,  ^_  .      „  I :,.,,„,.       i  ;..  ..*.vihent«jbeclofbcdwith 

lanrolwr  ftt«inp  upon  it.  m  thai  they  Oknaul  be  oldened  without 


:r  uzT  irresponsibk  pcoo^ 

z=it  prosccudDg  officer, orii 

-KUZ3C  =2£C  be  origiaAli  Dotacopf 

Symptoms  of  Arsenical  Foisocing. — PoLsoning  by  anenk 
:-  -T-Lil-y  fr.rr.  ir^r^.'-L?  :rii*-  :r  "■=-:*  iTaenic/'  The  STflnp- 
: -rr.-  ir»: :!-  >*  .f  ir.  :r.ter.^e  irrliLi-  Trjert  i^  usuaiiy  marked  buniqg 
:>i:r.  ir.  the  eiizi-*J-I-::n-  ir.-:resj*'i  iy  prescure-  Violent  \'0iiutiB( 
•.':','r-rr.u-.  hiur-.ir.z  ^iir*^  it  tie  i-u5-  i:>i  i^iinful  cramps  in  the  kp 
.r^■  >-Ll:y  pre^r.i.  Ir.'jer.^  liiir^:,  ct:.  hfit  skin,  se\'ere  headidM^ 
-r-..iil.  rijjid  p-1^.  in.xio.:*,  pin:iei  ouztenance.  the  eyes  suffmed 
.•:v:  -..T^irtir.ff.  lor.r-e  dr.-  irjd  rjrreii.  rh-iiXihobia.  great  restkssno^ 
rior.o.;-  f.vit'. hiricr-.  '.v:th  a  r*netily  cicir  min<:,  arc  s>'mptoins  usulf 
t'»  lit  cxijeiited.  The  urine  is  dinrrJ^hei.  with  frequent  and  punM 
mirunii'^n.  Tlie-^:  vinritoms  may  ery:  ir*  teunic  con\-ulsions,  coUapae, 
'»r  ^om'i  cin'i  de:ith.  The  mininiuni  f^Lil  drisc  reported  is  2  grs.,aild 
ihf:  -h'jrte-t  ir.ler.il  licfore  death  meniy  r::r.utes.  A  much  larger  dose 
th  irj  2  irr-.  h  i-  Ijten  recovere^l  from,  and  the  U5uai  time  before  dealk 
i-  fr*  ;Tj  tvcl.e  t'i  f.venty-four  hours,  and  often  longer.  Chronic  aiseft- 
ir.il  ;/•.!'' »niri2  i-  uvj:illy  attended  by  o:>njunctxvaI  indanmiation and  ini* 
t.iti'^n  of  the  skin,  -.viih  a  vesicular  rr  nettle-rash  eruption  similar  IB 
th  it  of  -f.trlcl  fever.  Irrilation  of  the  stomach  and  bowels,  exfoliatin 
r»f  the  (uticle  «»f  the  .-kin  and  tongue,  and  falling  of  the  hair  havebeeo 
noti'c^l.  lyKj]  jjaraly.-cs,  preceded  by  numbness  or  tingling  of  tk 
t'le-  and  finj^ers,  and  marked  ncnous  disorders  are  of  commoa 
o<f  urrence. 

Treatment.— Remove  any  unabs^)rl)e<l  poison  from  the  stomwk 
liv  emetic  s  or  by  thnrou^h  im'RLition  with  the  stomach-tube. 

The  IktsI  antidote  is  freshly  precipitated  ferric  or  magnesiaa 
hyrjroxide  or  a  s^ilution  of  dialyzed  iron. 

TIk  ,'j|ijti'in  of  dialyzed  iron,  now  found  in  the  shops,  may  be  used  insteidaf 
111!  ;il»ovi .  wxA  m.iy  >m'  jrivin  in  u-a>fX)nnful  rfoses  at  short  intervals.  This  fam 
an  ill  *i\\\\tV- iu\\\\yn\\w\  with  the  arst-nous  arid,  and  thus  prevents  further abioi|4iofr 
Ih'i.  :iri-  f.vf>  otri'i.il  antidr)tcs:  I.  Freshly  prepared  ferric  hjdnudl^ 
Fcrri  hydroxidum  (V..  S,  P.).  This  is  made  by  addin^i^  ammonia  water  H 
;i  /iliiiioh  of  fcrri'  iiljihati',  thoroughly  washing  the  precipitate  with  water  loir 
tnovi  tin-  ainriioiii.i,  whi(  h  is  a  strong  caustic,  and  suspending  the  precipitate  ii 

W.lt<  I  «^ 

"      I.  FiTri  liydroxidum  cum  magnesii  oxido  {V .  S.  P.).     It  is  directed  thati 

sfilntntn  ol  f  II  lit  Milpli.ttf  .'ithI  a  mixture  of  magm*sium  oxide  and  i^nterbe  kcptoa 
hand,  .MM I,  \\\\v\\  w.inird,  thr  two  jKiured  together  and  shaken  up.  Ferric hydroiiik 
and  iiM^iii-  .nun  •  tilpliatc  :trf  formed.  This  mixtun>  has  the  advantage  of  being  te 
fnitn  .innnoiii.-i,  wiiilc  the  presence  of  magnesium  sulphate  is  an  addifiowl 
ndvii  III  ;!}'.<'■  ^ 

The  syin])t()in.s  (aiise<l  by  the  absorlxxl  i)oison  are  to  be  treated  II 
they  ariM*. 
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TMs.^ — There  have  been  devised  a  large  number  of  tests  for  the 
and  identifier  tioa  of  ajsenic.  Some  of  these  are  easy  of 
'  ifpBcattiDo^  while  others  will  be  used  only  by  the  chemist.  We  ain  only 
pm  the  outline  of  these  tests  and  leave  the  student  to  consult 
ifesmi  WQtks  Cor  details.  The  anat}^is  after  death,  in  cases  of  sus- 
pected poisoning,  should  not  be  undertalten  by  the  physician,  pharma- 
dst^  DOT  even  by  a  chemist,  unless  he  has  a  wellequipped  laboratory, 
h  whidh  be  can  conduct  the  analysis  from  beginning  to  end,  alone, 
ad  Vftboul  Inlemiptfon.  During  the  hfe  of  the  patient  the  physician 
br  «bje  to  test  the  urine,  feces,  suspected  articles  of  diet,  medi- 
etc,  for  the  presence  or  absence  of  arsenic.  For  this  purpos 
ht  nay  use  Reinsch's  or  Marsh's  test,  but  it  must  be  understood  that 
acstber  oi  these  tests  alone,  when  performed  as  about  to  be  described, 
s  to  be  rel»ed  upon  as  positively  certain. 


To  m  fmrtkin  <vf  ;  4  liqiHt],  actd  iibotit  onr-djfth  its  vol* 

Wm  ti  piftfr  ti;«ir'^  rsps  mF   pure  cop jjer4ai]  and  boil  the 

wimkm^  II  anrniL  W  pit:»tnl,  «  ^tcd-griiy  ur  Ului<^h  fkfKisit  wfU  lie  fomicd  on  thi^ 
wfxn  td  the  riT^fipf.  Tlik  Hf]rw>*fr  h  not  pnsiUvc  pr^iiof  of  ars<!mL-,  huwrvcr^  si9 
fl^^MUr,  tii^!  libr  itr{K>^it5;  tt  i^  ntHtssary  loAppIv 

Afli  In  tmft  dry  n  titv.     Fur  ihh  pu  rposc  I  be  **»p[  ht  \a 

^ai^wd,wm$hrij  in  wjii'^T,  iirrn  w.  '  ^'\  -    •.q>cT,  and  placed  m  it  Lkiint 

Apt,  wfikiat'liatieandlieftted  u> Ad'  ft-  tobcui  onh  ih^r  itonion 

^  Ifcp  fobr  ipoatalol^f  »***-'  -  **  ^*  -  - '  . ,  v  ; , ^  brr  ik  rn  a  rtd  t  h  vln  ner  side 

^1&»  ffgamwU  t^  for  octiibnirHl  c  ry^uUs  of  jiru^nutii  | 

«"fclE,     Tile  copper  shown  to  p^vc  no  ^Uiln  im  pitilongcd 

Wfaig if1|]» 4ilittllrd  wmUT.      t  hi*  hl;mk  r^iw-riNRnif  nuisT  always  he  jxrffsniH'd. 

Xinlb^  tUM  mijr  be  conduct(?<J  as  U^Wnw^  Mih<*n^h  the  InHuations  affurdefl 
If  II  «>»  K4  «i€lchi«ve  in  Ihc  Hrfficncr  of  0111^4 ntc  matters,  it  shntjid  fllwa3fa  be  used 
It  fuiiro  Ri^opcliV  ic»L    Ima  a  Ijditle  A,  holdkig  about  150  €x.,  btitxluic 
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some  pUxe^  of  mbic,  free  from  arsenic  and  aniimotiy;    theii  pour  over  these  i 

water  acidulated  with  sulphuric  add;  close  the  Oask  wjih  a  cork  oontainiiig  a  ^iamI  ] 
ttilie  and  a  delivery  tube  dmwn  to  a  fine  point.  It  is  be^t  to  introduce  a  buIlHa^  j 
ix>ritainiTig  a  pledget  of  cotton  arrafiged  as  at  c,  figure  5 7.  After  allowing  the  gencfl- 1 
lion  of  hydn>gcti  to  go  on  for  a  considerable  tiitie,  to  expel  the  air  from  the  tipper  |)ut  J 
of  the  flask, — say^  half  an  hour, — Ught  the  gas  at  the  open  end  of  the  dcliveij  1 
d,  and  pre^  a  cold  porcelain  surface  down  upon  the  fiame-  If  the  roatcmk  t 
are  free  from  arsenic  and  antimony^  there  wiQ  be  m>  black  stain  pmluced  ofi  1 
porceiairL 

Having  determined  thai  Ibe  appomtus  and  materials  arc  free  from  aisvok^j 
put  out  the  flame  and  pour  the  suspected  fluid  through  the  funnel  tuiie  so  as  to  admit  I 
little  or  no  air  with  it  mto  the  flask.     Now  ignite  tiic  gas  and  lest  the  flame  i^  1 
with  the  cold  ponrelain  surface.     A  brilliant  black  or  brown  stain,  soluble  m  3  wkM 
lion  of  chlorinated  soda,  is  probably  arsenic.     Moisten  one  of  these  sjwts  with  niiik 
BCid^  when  it  should  disappear;   evaporate  the  acid  over  a  lamp,  moisten  the  spol  ' 
with  water,  and  hiild  the  dish  over  a  vessel  containing  sulphuretted  hydrogen  p«t- j 
pared  by  the  action  of  sulphiuic  or  hydrochloric  acid  upon  sodium  or  pous^iuaj 
sulphide.     If  the  stain  was  due  to  arsenic  the  spot  will  turn  Icnion-yellow-    The  I 
antimony  minor  is  insoluble  in  chlorinated  soda  (Laban-aque's  solution),  and  «ftw 
treatment  as  above  gives  an  orange  stain.     Now  soften  the  glass,  bend  the  dcJmiy 
tube  downward,  and  let  it  dip  into  a  solution  of  AgNO,;  after  an  hour  pour  some 
very  weak  solution  of  NH^OH  upon  the  surface  of  the  AgNO^  solution,     A  itIIo* 
prccipttate  at  the  line  of  separation  of  ihc  two  liquids  shows  the  presence  of  aiaenit. 


Ftp.  58. 


If  the  substance  to  be  tested  is  a  solid,  a  small  portion  of  it  may  be  thrown  upon  a 
glowing  charcoal  1  when  arsenic,  if  present,  wdl  give  an  odor  resembling  ^uifr. 

Fleitmann's  Test. — Heat  to  boiling  in  a  test-tube  a  strong  solution  5  pote©^ 
Slum  hydroxide  in  which  some  pieces  of  zinc  or  aluminum  ha^e  been  placed,    ^Wd 
a  drop  or  two  of  tlie  sus|x?cte<i  solution,  spread  a  cap  of  filtering  paper  over  thij 
mouth  of  the  tube,  and  moisten  it  with  a  little  nitrate  of  silver  solutjon*    A  f— ^ 
or  black  stain  of  metallic  silver  w4ll  appear  upon  the  paper  if  arsemc  is  pfeseot 
arse  nous  oxide  is  decompcsed,  the  na^scent  hydTogen  combines  with  the  ai^eiik  i 
forms  arsin,  ,^H^  which  reacts  mth  the  silver  nitrate,  reducing  it  to  metallic  silWfJ 
This  test  h  very  valuable,  enabling  the  analyst  to  distinguish  oetween  arsenic  j 
antimony,  w  hich  latter  dtjes  not  give  this  reaction, 

Otiier  Tests.— Sulphuretted  hydrogeni  H-^,  passed  into  an  acidulated  solu 
containinp  arsenoua  acid,  throws  dow^n  a  lemon-yellow  precipitate,  consisting  * 
ASaSj,,  w*hich  disstilvcs  in  ammonia  water  and  b  re  precipitated  by  acids, 

if  solid  arse  nous  o^'de  is  mixed  with  some  powdered  charcoal  and  dry  pots 
carbonate,  and  placet!  in  the  bottom  of  a  very  narrow  test-lube^  or,  better,  a  _ 
tube  drawn  out  and  having  a  bulb  at  one  end  (Fig.  58),  and  heated,  the  ar^-n 
Dxide  is  reduced,  and  metallic  arsenic  is  deposited  in  the  form  of  a  ring  on  the  < 
part  of  the  tube. 

The  lower  part  of  the  lube  may  now  be  broken  off  and  the  arsenic 
healed  J  there  being  free  access  of  air,  the  arsenic  is  oxidized  and  deposited  ini 
upper  part  of  the  tube,  in  the  form  of  octahedral  crystals  of  arsenous  oxide,     Th 
crystals  may  be  dissolved  in  hoi  water  and  tested  as  follows^ 

Ammonioiiitrate  of  silver  gives  a  lemon-yellow*  precipitate,  with  arseis 
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3  nrfQtMH  ^  wscfiilc  ot^  ver^  Agp^sO,,    Itgi'k'esabrownpredpiUitc,  Ag^S  0„ 


Ipliste  of  copper  gives  a  grass-green  prEcipitate  of  aisemtc  of 
OMer,  abo  c&Ued  Sciicclc"^  grei^i^,  CyH.^sQ^  with  solijtioiis  of  at^^noos  acid. 

MtlHidocll's  Ttst* — Add  n  freshly  prtfpared  solution  of  stannous  chloride  to 
Mftauic  oocofioiindj  dis£ol\'ed  in  strong  hydrochlonc  acJd,  pkce  in  the  mixture 
att«B  pieor  of  tin -foil,  aad  atppty  heat,  a  browii  color  or  grayish  brown  precipitate 
ftteaed^  iccordinj;  to  the  amount  of  arsenic  prv^nt^ 

Gms^t's  Tc«t. — Placi-  in  a  lestiube  about  i  gm.  of  pure  zinc  and  add  about 
5CC*  of  dSiilcd  (al>'  c-nL)  sulphuric  acid;    then  add  about  t  ex.  of  the 

lAttaB  tt»  be  Irsud,  '  >  jld  not  be  alkaline.     Now  hx  a  plug  of  cotton,  mobt - 

mil  will  Icttcl  a^  ^ "    '  n  the  lei^t-tube  not  far  from  the  top^and  fasten  over  the 

Mmlh  of  tbe  tw  t  '  three  thicknesses  of  filter-paper,  and  apply  a  drop  or 

tm^  ttrMW  -^^^ .,   .r  nitrate  lo  the  upper  one,  and  place  the"  lubt^  in  a 

ia/k  boft  Azid  slk»w  ii  to  nrmmn  for  some  time*  H  arsenic  is  present  in  the  solutjon, 
i  U)^  yc)lo«r  stain  will  appear  upon  the  filter-paper,  which  upon  the  addition  of 
w^ltt  bpcOflQ*^  bUtk  or  brown.  Antimony,  when  subjected  lo  the  above  test, 
mimm4mtk ciofcir  at  oner,  wtthriut  showing  a  previouis  yellow  color.  The  £inc  and 
aKfirf|ilMllic  acid  should  be  tested  before  ajifilying  the  above,  to  make  sure  that  ibey 
CRMriH  no  atMfttL^  Thrse  tests  u^ll  W  sufEricnt  to  enable  tbe  physician  to  decide 
ipsa  tlie  pwjuit*!  of  arsenic  during  the  life  of  the  patient,  and  guide  him  in  bis 
vmmtm.mad  behatior. 

Hie  dteniisl  who  undertakes  the  analysis,  in  aises  of  supposed 
bos  no  easy  Lisk.  He  must  not  confine  his  tests  to  any 
poison.  Poisons  are  generj^Uy  di\if!cd  into  two  j^^uups,  inor- 
and  dffimlc.  Tlic  limits  of  tiits  work  will  not  allow  us  to 
faciBie  the  details  of  proccdtire  for  the  chemist,  who  will  consult 
fpcfiU  wofks  on  toxicolog}% 


J  for  mineral  pjisons,  the  organic  m alters  must  first  be  destrcjcd  or 
t  by  cUalrsU,     For  the  litrta.*r  procras,  see  page  66. 
Far  thr  ik«tfiirtSrm  ol  lin^jtrtu   mattcr»  two  methods  may  be  used.    The  solid 
maaga» — tlie  sliooiai  ^  .  e-ans— are  to  be  cut  in  small  pieces  and  placed 

ma  mtw  pogcekln  i  h  hydnxhtoric  acid^  and  beated  over  a  water- 

W^  Snail  qttantitiL-^  ^*t }  ^^  r  v  ^ '  <  <*  ^^ium  c  h  lora  te  a  re  pu  1 1  n ,  from  time  to  time ,  and 
tfioad «fldl  akt  Ofptnk  matter  h  de&troyed.  Or,  i^ulpburic  and  nitric  adds  are  used 
"  r  thar  ih*  Offt^iJiit  nntxur,  and  the  whole  diluted  with  water  and  hJtenrd. 
,  ivitss  htto  the  filtntie,  and  can  be  detected  hf 
Mf  by  other  methods.  These  solutions  may  be 
-  HNO^  and  treated  with  bydrosulphuric  acid  gas 
T  h»'ur=.  whrfi  ropjjcr,  k^nd^  bismutht  and  merrurv 
,  iiml  Mimelimes.  tin  give  a  yellow 
for  at^'nic,  the  yelbw  precipi- 
'1  tut-  I J  H  i:  1 1 1  \'\  I J  n  r ,  1 1  if  jti .  A  Tttifi  ion  of  this  h  to  be 
tulir.     Tbr  ri*m;*iridtT  i«t  uxicli/cd   i*ith   nitric  acid^ 

ifwT     i.ilrH-.        isiJ     (liM    ^KJiurn       ir-..   r,iit.»    ihuS    fofmed 

fi  and  the  latter 

*Wiil  cry  slab  t»f 

.  lictn^  ttj  jirrwriit  the  fioi<bon  in  court 

rtvrikl  thr  |icp*MbiHty  of  doubt  In  thr 

liable  in  ammonia >,  the  bbi  k  metal 

with  the  abc»ve 'men Honed  proper 


^esoept  load 
r al iKriiirf boiti  ff^ 
]  to  cxpe?  '■ 
r-ldar  lr> 
t  m  hryvn 
/  ao  or 

'Is  sep«T^tc:*i  1F< 

J8  a  seaM  gta** 


^ AATIHUHV. 

tSniULM.) 

Specific  Grm  vi  ty  ,6,71.    Mel  ting  P^int ,  450*"  C 

Occurrence  and  Preparation.— Antimony  oc 
the  principal  source  is  the  irisulphide,  Sb^S^,  cat 
occurs  in  a  number  of  other  ores  as  sulphide  or  oxide. 

The  element  is  easily  obtained  by  roasting  the  s 
fusing  the  oxide  thus  obtained  with  charcoaL 

Properties.— Antimony  k  a  bluish-white,  brittle, 
isomoqihous  with  arsenic,  and  resembling  zinc  in  1 
It  tarnishes  with  difficulty,  but  takes  lire  at  a  red) 
readily  with  chlorine,  forming  two  chlorides,  SbClj 
of  which  arc  decomposed  by  an  excess  of  watf 
properties  it  resembles  the  metals,  with  which  it  i 
chemical  properties  it  pkys  both  the  positive  and  n- 
facility*  It  is  used  as  a  constituent  of  type-meta 
friction  metal,  Britannia,  etc.,  to  give  hardness  and 
expand  in  cooling  and  complete!}'  hll  the  molds. 

Aq  amorphous  variety  of  the  element  has  t 
electrolysis  of  a  stjlution  of  Uirtar  emetic  in  anti 
It  resembles  graphite  in  ap|3carance,  « 

ANTIMONY  AND  HYDROGEN. 

Hydrogen  Antimonide,   Stibin^   Antimoniuri 

— SbHj,.  A  colorless,  cxiorless  gas,  formed  under  th 
as  the  corresponding  compound  of  arsenic— r,  f,,  by 
on  reducible  antimony  comjwunds.  It  differs  fron 
in  being  much  less  poisonous,  and  giving  a  differ 
solutions  of  silver  nitrate.  ^^  fhown  ir^  jj|^jjyj|j||||^ 
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ipitate  of  arsenite  of  silver  will  be  formed  at  the  line  of 
m  of  the  two  liquids,  while,  in  the  case  of  antimony,  no 
sdpilate  will  be  formed.  SbH,  k  formed  in  Marsh's  ap- 
when  aDtimony  is  present,  and  it  is  likely  to  be  confounded 
•nk  unless  very^  great  pains  be  taken  to  avoid  it. 
minor  obtained  on  the  porcelain,  or  in  the  delivery  tube, 
a  higjier  temperature  to  volatilize  it  in  the  case  of  anti- 
El  is  difficultly  soluble  in  hypochlorite  solution,  is  sooty 
brilliant  in  appearance,  there  b  no  ^rlic  odor,  and  by  o^dda- 
Qot  form  crystals. 


r 


AlUIMONY  Airo  THE  HALOOEWS. 

dUoddes  and  two  oxychiondes  of  antimony  are  known* 
noay    chloride,— antimony    trichloride    or    antimony 
loride,— butter  of  antimony,  SbClj,   may  be  obtained  by 

J  the  trisulphide  in  hydrochloric  acid. 

K  SbA  +  6HCI  -  2SbC\  +  jH^. 

tttperatures  it  is  a  crystalline  solid,  and  melts  at  73.2^  C. 
\  Id  a  yellow ^  oily  liquid.  A  solution  of  sp.  gr.  1.47  is  some- 
rf  as  an  escharotic.  On  the  addition  of  considerable  water, 
fide  is  decomposed  into  the  oxy chloride,  SbOCI,  formerly 
nfder  of  algaroth.  SbCl^  is  poisonous,  acting  iKith  locally 
true  poison. 

Qony  pentachloride,  SbCl^,  is  a  fuming,  colorless  liquid,  of 
srest  to  the  medical  student.  The  iodides,  bromides,  and 
similar  to  the  trichloride  in  composition  and  properties, 
bhas  been  used  in  medicine. 


SULPHIDES  OF  AJfTEMONY. 

Jdes  and  several  ox>'sulphides  are  known.  Antimony 
Ide^  stilpburet  of  antimony^  black  antimony,  Sb^S^ 
ari^-e  as  a  steel-gray,  crystalline  solid.  Artificially,  it  may  be 
l>«  an  orange-colored  powder,  by  precipitating  a  soluble 
Kit  iR-ith  hydrogen  sulphide.  \\Tien  the  native  ore  is  roasted 
ft  is  partially  decomposed »  and  fuses  into  a  vitreous,  some- 
l^iarent  mass,  known  as  glass  of  antimony,  or  crocus. 
DOfUUiti  nlgmm  purificattmi  (Br.)  is  made  by  reducing 
of  antimony  to  a  ver>  fine  powder,  and  then  macerating  with 
Iter  for  several  days,  and  finally  washing  with  water  and 
a  giayish-black,  crystalline  powder,  having  no  luster  and 
ste. 


phate  a  fine,  rcfl  precipitate  of  oxysuljihide  U  obtiiinedl 

L  as  kermcs  mineral,  and  which  is  used  as  a  plgmenlf 

I  of  antimotiy  vennilion. 

I  Antimomc  sulphide,   or  antimoay  pentastilp 

H  best  obtained  by  decompctsiiig  sulphantimunates  witl 

H  It  is  an  orange-red  or  brown  powder,  reiidily  sokiblcl 

■  alkaline  sulphides,  forming  untimonates  and  sulpharl 
I  the  general  formula  M/SbO^  and  MSbS^,  in  whicll 
I  a  metallic  atom.  Sulphantlmonates  of  sil^'er,  lead,  ai  | 
B  minerals. 

■  OXIDES  AND  ACIDS  OF  ANTIMOIfY. 

H  Three  oxides  are  known; 

^^L^^  Antiinony   trioxidej. SbjOj^  Metantimonlc 

^^^  *'  pentoxide,  ,,... Sh,0«. 

^^P  **  ictroiide, ...Sbi,0,orSbOSbO, 

Antimony  trl oxide ^  antimonii  oxidum  (Br.),  SI 
by  roasting  I  he  metal  hi  air  or  by  treating  it  with  H 
rating  the  excess  of  acid.  It  is  a  white,  amorphous  p 
being  sublimed.    It  is  insoluble  in  water,  alcohol,  or 

Metautimonlc  acid,  liSbO^  Is  obuined  as  a  white  prcc 
solution  of  sodium  carbcmale  to  a  solution  of  SbCJj. 

2SbCI,  +  jNa^CO,  +  H3O  -  2HSbO,  +  dNaO  4 

By  boiling,  this  acid  is  changed  into  the  trioxide*  Aotimo 
adds  and  alkalies  to  form  salts.  Thus,  we  have  NaSbOj^  SbOf  Ji 
We  also  have  antimony  sulphate,  Sb/SO^);!,  ^Tid  ftntimonyl 
{SO4),  the  former  obtained  by  dissolving  the  oxide  in  slron| 
dilute  sulphuric  acid.     Both  are  detom posted  by  excess  of  water. 

Antimonic  acid,  H^SbO^,  is  obtained ^  as  a  white  powdei 
and  Tiitnc  a^cid,  by  treating  antimony  with  warm  concentrated  H 
B  ftdd  is  first  produced,  but  on  standing  in  contac^jt^mx^^ 
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CUy  beatiog  eilber  of  the  above  acids^  antimony  pentoidde  is  obtained  as  a 
orfilicnis  mass,  and  by  a  simngi^r  heat,  with  free  access  ut  air,  it  is  con  - 
- ,.-_,  teffcvxtdct  ShjO^.  which  is  usually  tvgnrded  as  an  andmonitc  of  anUmonyl, 

SbOSbOr     It  is  a  ifrhlte^  non-volatile  powder,  becoming  ycliow  when  heated* 

Potassttini  antimonyl  tartrate,  tartar  emetic,  antimonli  et 
potassU  tartras  (U.  S.  P.),  antimonium  tartaratum  (Br.),  K(SbO)- 
C(H<O^H,0,  is  one  of  the  most  commonly  employed  compounds  of 


I 


II  is  prepared  by  btjiling  3  parts  of  SbjO^  with  4  [)arts  of  cream 
of  t&ftaTt  KHC^H^O^  in  water  for  an  hour,  filtering,  evaporating 
llie  filtfmte,  and  allowing  it  to  cr>'sta)li2e  out.  It  occurs  in  smaU, 
tna^mrent,  rhombic  crj^slab,  which  effloresce  in  air  and  have  a  sweet- 
yi,  iltem>'ard  disagreeable,  metallic  taste  and  an  acid  reaction.  Soluble 
io  17  piuts  of  water  at  15^  C*  (59^  F.)  and  3  parts  boiling  water,  and 
ionlublc  in  alcohoL  Its  solutions  are  incompatible  with  alcohol^ 
hjiiiDdilodc  add,  and  alkaline  carbonates.  Free  tartaric  acid  pre- 
rails  the  precipitation  by  the  above  regents.  On  being  heated  to 
minss  it  c^rs. 

It  is  used  in  medicine,  and  enters  into  the  composition  of  syr, 
wcSim  compositus  and  vinum  antimonii.  The  dose  of  tartar 
fioesic  is  gr.  j-ij  (0.065-0.125  gm,),  as  an  etnetic;  as  an  expectorant, 
gr*  ^  to  gr.  i  {0,004-0*016  gm*) ;  of  the  wine,  10  to  30  drops. 

raynologicaj  Action,— Locally,  the  soluble  compounds  of  anti- 
aooy  act  as  ^Kiwerful  irritants.  Tartar  emedc  causes  a  pustular  erup- 
630  Racmbling  variola,  which  is  accompanied  with  fever  and  systemic 
iGMrbancoL  Cases  of  poisoning  from  antimony  used  as  a  mordant 
in  djctag  clothing  have  been  reported,  Iniemally,  lartar  emetic  is 
mpbvtd  as  an  expectorant,  sudorific,  sedative,  nauseant»  and  emetic^ 
iC£E>nimg  to  the  do^e  uned.  In  full  doses  it  causes  vomiting,  purging,  j 
•ad  gfipif^  pains,  with  great  depression.  In  excessive  quantity  it  acts 
m  m  {rritant  poison  and  has  produced  death  by  syncope,  preceded  by 
and  delirium.  One  and  a  half  gniins  (0.092  gm.)  have 
deaths  but  recovery  has  occurred  after  very  large  doses 
of  the  fvjetiiim  ui  the  poison  by  vomiting. 

The  treatment  should  consist  In  promoting  free  vomiting  or  re- 
'  fil  the  ffoi^m  with  the  slomach  tube.  The  proper  antidote 
tttmsfilfu  which  forms  an  insoluble  compound  with  antimony;  it  may 
be  admiotstered  in  the  form  of  infusidh  of  tea,  oak  bark,  nut-galls,  etc* 
are  then  to  lie  administeretL 
, — la  »ti»pecied  lasira  exuiitirie  the  tirine  or  viscera  by  Marsh''*  lest  (p. 

1^  S^ilntlfc:  «iiI|A  of  Antjmimy  give  an  tirangc^colored  precipitate  with  H,S«  In  arid 
■Mmw  which  t»  toluble  in  yelkiw  ammonitim  sulphide  and  in  sinrmg  hydfuchbric 
mH  te  0OC  its  aititiwinjum  carhoimte. 
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a.  In  Rcinsch's  test  a  bluish  Main  kobUiHtd,  but  th^sublli 
it  is  flJBorphous,  not  cfyslitlline.     (Sec  p.  177.) 

3.  Generate  hydroeen  gas  in  Mar&h's  apparatus,  iidd  som 
solution.  Both  A5  anJ  Sb  give  the  mirrors,  but  the  As  nurnjf 
inated  soda  solution,  whUc  the  Sb  in irn>f  is  not.  By  heating  the 
lube  b*>th  volalilize,  but  the  As  gives  a  crysUlline,  while  Sb  g| 
coating  close  to  the  mhror. 

4,  In  the  absence  uf  lartaric  or  citric  adds  HCl  produceSj  m 
tionsi  a  white  predpiute  of  SbOCl, 


BISMUTH, 

Bi  -^  i07  (10654.  H  ^  i>. 

Occurrence  and  PreparatioQ. — Occurs  native  an 
— blsmuthite.  The  element  is  obtained  by  roasting 
air  and  reducing  the  resulting  oxide  with  charcoal,  ij 
to  take  up  the  remaining  sulphur. 

Properties*— Bismuth  is  a  white,  metaUic-looki 
bronze  Unt.  Specific  gravity ^  9.9.  It  is  brittle  anc 
rhomlx>hedrons;  fuses  at  267°  C.  (512.5°  F.),  volati 
heat,  and  if  heated  in  air  it  bums  to  BijOg,  HNO^^ 
dissolve  it,  but  HCl  docs  not  Water  precipitates  has 
solutions  of  the  neutral  salts.  It  alloys  with  the  mcti 
times  described  as  a  metaL 

Bismuth  chloride,  BiCl^,  may  be  obtained  by 
ment  with  HCl  or  aqua  regia*     It  is  a  soft,  white,  deli* 
s<;>lid .    Walefj  added  to  its  solutions,  precipi  tates  the  wh 

BiCl,  +  HjO  ^  BiOCl  +  2  HCl 

This  reaction  resembles  that  of  SbCl^,     BiOCI^ 
nitrate,  is  sold  as  pearl  fxiwder,  or  pearl  \\hite, 
luetic.    They  are  blackened   by   Hj,S,     The  coi 
Bil^  are  similar  to  BijCI^  and  BiClj.     Bismuth 
dride,  BiHj,  as  does  the  rest  of  the  group* 


BISMUTH  AKD  OXYGEN, 

Four  oxides  of  bismuth   are  known,   namely: 
BijOj;   bismuth  trioxide^  Bi^Og:   bismuth  tetroxidc. 
I^ntoxide,  BijOs.    Bismutii  oxide,  Bi^Oa,  hlsmutbi 
is  a  yellow  powder,  insoluble  in  water  and  alkalies; 
pared  by  roasting  bismuth  or  heating  the  nitrate  or 
chlorine  Is  passe<i  through  a  solution  of  potassium  r 
BijOb  is  suspended  J  bismuthic  acidj  HBiOj, 
red  powder.     On  gently  he^vting  this,   the  pentoxS 
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>gp  is  formed.  Bismutli  hydroxide,  BiO^Hj,  is  precipitated 
f 4iiliiliail  of  NH^OH  frvim  stilylions  of  a  bismuth  s;ilt.  The  meta- 
kfifOlMft,  BiO^,  is  precipitate  when  caustic  sficla  ur  potassa  is 
adckti  lo  a  bii.muth  solution  or  to  the  nitmte  suapended  in  water. 
BiKiut]i  and  Sulphur.^There  are  two  sulphides  of  bismuth 
ksQiviit  BijSj  and  BjjSj*  The  trisujphide  occurs  native  as  bismutb- 
ite-  II  ain  be  prepared  as  a  black  powder  by  passing  H^S  through 
i  sohftiDQ  of  a  sotuble  salt  of  bbmuth.  It  is  formed  in  the  intestinal 
wfaeo  bismuth  salts  are  taken  interiiaJlyj  when  it  colors  the  stools 
Tlie  s^DOod  sulphide  is  unimporUnt. 


SALTS  OF  BISBTOTH. 

BiKnuth  nitrate,  B](NO|J„  Is  formed  by  dissolving  bismuth,  or 
e  bisic  nitrate,  in  nitric  acid  and  evaporating,  when  it  crystal] izes 
bi]^  ifmnsparent  prisms,  BiCNOJ^^sHjO.  It  is  soluble  in  a  little 
but  Is  decomposed  by  a  large  amount  into  a  bisic  nitrate  or 
The  reaction  varies  with  the  amount  of  water  used* 


2B.O 


m— NO, 

I,— NO, 


jHNO^  or 


-NO, 
1;— NO, 


-Bi 

B!-NO, 
l-NO,  +  HNOp  or 


NO, 

-OH   + 
"OH 


1— OH 


Bl— no;  +  H,0 


I— NO, 


-fc 


+  2HNOr 


IHO 
-NO, 

Bismutlii  Subnjtras  (U,  S*  V\,  Br.).— As  will  be  seen,  the  sub- 

sale  oi  btsmuth  is  not  a  detinlte  and  fixed  compound,  but  a  mixture. 

i  llll  a  vMir  powder,  composed  chieQy  of  BiONOj,  insoluble  in  water, 

IhI  toltihle  in  nitric  acid.     As  arsenic  and  bismuth  frequently  ocarr 

the  biter  is  apt  to  be  contaminated  by  the  former.     Should 

lilt  ctTects  arise  fn>m  its  use,  it  should  be  tested  with  one  of  the 

Ml  dciKnibcci  under  Ar^nic  {q.  r.).     It  is  used  internally  and  as  a 

iwiiilm  ibr  wovuds. 

A  solttticii  of  two  parts  BiONOj  and  four  parts  KNaC^H^Oft  in 
100  nc  of  a  strong  sf^lution  of  sodium  hydn*xide  fs  ust^l  as  a  delicate 
iBi  for  diabetic  suRar.  It  Ijecomes  black  on  tjoiling,  in  tbe  presence 
ll^KDar,  from  rrduction  of  tlic  bismuth. 

Hvitsth   subcarbooate,   bistnuthi   subcarbooas   (U*   S,   P.), 

CO, 
Bi 

loBotlii  carbonas  (Br.)»     ""^O    ♦  is  a  light,  white,   odorl^s,  and 

Bi-OH 
^  OH 
powder,  insoluble  in  water,  and  formed  by  the  action  of  ulka* 


S^ubrmrutema  solution  of  citric  acid  and  precipill 
with  water.     By  dissolving  the  citrate  in  dilutc^l  amnl 
cautiously  evaporating   to  a  s)Tup  and   spreading  ul 
|>early  or  translucent  scales  of  bismutli  et  ammotiii 
are  obtjlined,  si^luble  in  water 

Bismuth  subgallate,  dermatoli  bismuthi  stibg 
Bi(OH)jCVH2(OH)3COj,  is  a  siiffron -yellow,  odorless, 
insoluble  in  water,  alcohol,  or  ether.  It  is  prepared 
constant  stirring,  a  warm  solution  of  i  part  of  galJic 
of  Waaler,  with  a  solution  of  3  parts  of  bismuth  nitra 
water  and  6  parts  of  glacial  acetic  acid*  It  is  used 
antisejjtic,  and  as  a  substitute  for  iodoform  for  external 
stibsalicylas  (U.  S.  P,)  is  a  white,  tasteless,  insolubl 
other  salts  of  bismuth  used  in  mc<:licine  are  the  benz 
oleate,  phcnohite,  pyrogallate,  tribromphenolate,  and  a  j 

Physiological  Action.— The  bismuth  salts  in  me 
tonic,  antispasmodic,  mildly  astringent^  and  antifem 
are  used  to  allay  gastro- intestinal  irritation  and  d 
administered  in  considerable  quantities,  they  prcxlu 
from  the  (presence  of  the  sulphide  formed  by  the  H^ 
In  many  cases  of  excessive  diarrhea,  with  acid  fen 
stomach  and  intestines,  this  blackening  does  not  occur 
a  nee  marks  an  improvement  in  the  case. 

Cases  of  poisoning  by  Large  doses  of  the  salts  of 
due  to  the  presence  of  arsenic,  antimony,  lead,  or  tellu 
to  the  absorbed  bismuth.     The  symptoms  of  bismu 
cyanosis,  garlicky  breath,  stomatitis,  salivation,  and  s( 
and  purging. 

Tests,— r.  Wuter  prccipitaies  bismutb  from  its  solutions  ir 
loo  much  free  hydawzhloric  acid. 
^     2.  Hydrogen  sulphide  and  amrr^oQiuu^^^liih^riiMHiilfl 
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GROUP  IV. 


Carbon, 

Silicon, 
Germanium, 
Tin  I  Stannum), 
Lead  (Plumhuni) , 


C      -      12, 

Si    -    28.4 
Ge  ^    72* 
Sn  ^  118.5 
Pb  =-  307* 


It 


CARBON, 

I. — Carbon  csccurs  native  in  the  diamond^  In  graphite 
0iKk  lad),  and  In  the  various  forms  of  coaL  In  combination  it 
D  aJ]  organic  bodies,  petn*leuiii,  fats,  oils,  and  as  native  car- 
,  in  marble^  dolomite,  etc. 
Varieties, ^Carbon  exists  in  three  allotmpic  stiites:  the  diamond, 
graphite,  and  amorphous  carbon.  The  diamond  occurs  in 
ivial  deposits  in  Brazil ,  India,  Borneo,  South  Africa ,  and  in  small 
in  other  localities.  The  so-called  Caiifornki  diamonds  and 
Ifuflkn  pchhles  are  crystals  of  quartz,  SiOj.  The  diamond  is 
\  QftMaSmod  carFmn^  possessing  a  brilliant  luster  and  a  high  power 
ttn*l  is  the  hardest  substance  known.  It  crystallines  in 
of  the  first  system,  but  cleaves  readily  into  ociahetlm, 
colorkss,  as  well  as  colored  through  all  shades  of  yellow, 
and  black.  The  sp.  gr.  is  3.5*  Heated  in  the  oxy hydrogen 
flame,  or  in  oxygen  gas,  it  bums  to  cartxin  dioxide,  and  is 
'  aoftcsicd  by  the  heat  of  the  electric  arc.  Moissan  has  succeeded 
_;  axtiftcial  diamonds  of  small  sixe  by  fusing  carbon  with  iron 
electric  fumncc  nt  a  ven*  high  temperature,  and  aOowing  it  to 
ttnder  pfieiStirc.  If  cooled  without  pressure  gntphite  results. 
AAcr  Ibe  mass  bos  cooled,  the  iron  is  dissolved  with  acid,  when  the 
ihammAs  remain, 

Ofsphil?,  nr  plnmbago,  occurs  as  a  native  mineral,  having  a 

CjrUt'bJitck  color,  a  hister  almost  metallic^  and  a  soapy  feeh    It 
rm  a  black  jttrcak  upon  a  while  surface,  on  account  of  which  it  Is 
Id  make  U;ad  pencils,  and  is  called  black  tead.    It  sometimes 
In    shorty  MX -sided   prisms.     It    boms    in    an   atmosphere   of 
irilJl    more   difficulty    than   the  diamond,  furnishing   carbon 
t,  and  leaving  fn»m  two  to  five  \^i^r  cent,  of  ash.    Some  of  the 
faijeties  c^n  be  made  directly  into  i>encils,  but  this  is  not  ci>m- 
Tbc   poorer  varieties  are  gn^und   to  a  powder,  heated  with 

Jim    chlorate,    KClOj,   and    sulphuric   ackl,    HjSO^,    or   with 

imw  ajtric  acid,  washed  with  water,  heated  to  a  red  heat,  and  then 
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MEDICAL  CHOaSTRY. 


Carbo  ligni  (U*  S.  P.,  Br.)  is  prepared  from  soft  wood,  and 
finely  powdered.     It  should  be  kept  in  well-closed  vessels. 

Coal-gas- — Illuminating  gas,  as  it  is  often  called,  is  made  t 
htrgc  scale  by  the  destructive  distillation  of  bituminous  coal.    In  \ 
cipie  the  manufacture  is  simple,  but  in  practice  it  requires  considetall 
skill  to  prepare  a  gtKxl  Ulurainating  gas. 

The  distillation  is  conducted  in  horizontAtf  semicyliDdncal,  fire-clajr  or  tist- 
iron  rrtorts  ^t  In  brickwork.  A  variety  of  pmdurts  are  formpd  bi^sidis  the  ps; 
stich  as  tar,  heavy  oik,  lighter  oils^  steamj  ammonia  from  the  mtrogea  of  ibe  coili 
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etc.  There  is  left  in  the  xeiort  a  porous,  friable  mass,  called  cok«.  After  th*  rt- 
torta  have  been  used  for  some  weeksj  there  h  to  bt'  found  lihing  their  inner  surfaces 
a  very  compact  layer  of  carbon »  usually  known  as  gas -re  tort  carbon^ 

The  coal  is  distilled  at  a  bright -red  beat  and  the  volatilized  products  are  con* 
ducted  into  a  large  horizontal  irtin  pif.»e,  half  filled  with  water,  into  which  the  pipes 
from  the  retc^rts  din.  (See  Fig.  59.)  This  is  called  Ibe  hydraulic  iiimn«  A 
large  part  of  the  coal-tar  and  heavy  oils  condense  in  this  main.  The  ^xilatile  prod* 
ucts  iire  then  made  lo  traverse  a  series  of  upright  tubes  in  the  form  of  an  inverted  U* 
called  condenscnj.  The  lower  end  of  one  limb  of  each  condenser  dips  under  water 
so  as  to  cool  the  gas  and  to  wash  out  the  ammonia.  After  traversing  a  number  of 
these  condensers*  where  the  remainder  of  the  tar,  sieam,  and  ammonia  »ff 
condensed,  the  gas  passes  to  the  purifiers.  These  are  composed  of  a  ^rit:^  of 
large  boxes  in  which  are  several  perforated  shelves  or  Irays  holding  fresh  slaked 
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of  •dectridty.     For  ihis  reasoiij  and  because  of  its  duiability, 
for  the  negative  plate  in  the  construction  of  many  forms  of 
I  ^vank  cell,  and  for  the  jKiles  in  the  arc  electric  light. 
Mffverdl  coals,  as  anthracite,  bituminoys,  brown,  and  cannd  coals, 
1^  I  or  turf,  etc*,  are  the  results  of  a  slow  decay  of  vegetable 

B^  ,  iiT  certain  conditions*  The  proj>cr  conditions  for  the  for- 
ttitVHi  01  coal  seem  tcj  be  enough  water  to  cover  the  fallen  timber 
or  v^egctation,  a  covering  of  clay  or  mud  to  exclude  the  air,  and  the 
q^pUcalioa  of  pressure  to  the  mass.  The  liquid  and  volatile  portions 
lir  gndimlly  lost,  leaving  the  carbon  behind.  The  final  product  of 
ihis  dtJA^  assisted  by  subterranean  heat,  is  anthracite  coal,  which 
oUco  contains  96  to  98  per  cent,  of  carbtjn,  but  ver>'  Hltle  volatile  mat- 
la;  Pcinileum  oil  is  bdieved  to  be  the  expelled  liquid  portions  of 
Uk  wood,  sejiki rated  from  the  anthracite  coal  by  heut  and  pressure. 
BRoBiiiioiiS  cxmI  is  a  softer,  lesiS  compact,  less  decayed  variety.  It 
«iteci  cihil>its  the  structune  of  the  wood.  It  bums  with  a  smoky  flame, 
vtnle  ihe  anthracite  furnishes  verv'  little  or  no  flame.  Brown  coal, 
QglDitei  and  wood  eoal  are  names  of  less  perfect  varieties  than 
dtott  bd(3?e  mentioned,  Peat^  or  turf,  is  a  mi.xture  of  mud  with 
pntiftBjr  decayed  pknts  and  root5,  and  is  obtained  from  certain  marshy 
^atnciB^  It  is  used  as  fuel  CaniielH:oaI  is  a  compact^  even-textured 
willlCHit  luster.  It  lakes  fire  readily,  burning  with  a  clear  yellow 
It  has  been  used  for  candles;  hence  the  name. 

i.--CariM>n  is  insoluble  in  all  ordinary  menstrua,  but 
«iliible  ti)  a  slight  eiiient  in  molten  cast-iron,  forming  a  carbide.     It 
ii  filled  and  volattlkcd  only  in  the  electric  arc.     At  ordinary  tempera- 
rl  b  permanent  in  air*     At  high  temperatures  it  has  a  strong 
for  oxygen,  and  on  this  account  it  is  used  as  a  reducing  agent 
t!ie  f>re<,  f mm  which  it  removes  the  oxygen.     Indirectly, 
iofo  c^  n  with  a  great  many  of  the  elements.     Or- 

bodics  ari  ^l   of  carbon  in  combination  with   hydrogen, 

,  and  oxygen.     Most  combustible  bodies  contain  carbon. 

Praparations.— Animal    charcoal,    carbo     anlinalis 

S.  P*),  is  prepared  fn*m  bones  by  partially  burning  them  and  by 

tiH  the  volatile  |iR»ductii  and  charring  the  remaining  organic 

It  occurs  in  uramihr  fragments,  or  in  powder  of  a  dull-bfack 

-  about  eighty-five  per  cent,  of  ash. 

Ttea^  ■■-■  soluble  in  hot  HCl. 

Wkn  antni  A  is  Uijictj  for  a  few  minutes  with  a  solution 

it  potumum  hy  ,  the  rilJercHl  scilution  should  be  colodesj*,  or 

Mtfh  nK 

Carte  AntDtAiis  Pnrificatus  (V\S,  P.).— This  ispreparefl  by  heating 

Ik  above  with  dilulc  Ht'i  lo  dis^ve  out  the  calcium  phosphate.     The 

of  a&b  ^ter  ignition  dioutd  not  be  more  than  four  t>er  cent* 


tgo 


MEDICAL   CHEMISTRY. 


Carbo  ligni  (U.  S.  P.^  Br.)  b  prepared  from  soft  wcxmI,  and  very 
finely  piiwdered*     It  should  be  kept  in  well-closed  vessels, 

Coal*gas. — llluminalitig  gas,  as  it  is  often  called,  is  made  on  a 
large  scale  by  the  destructive  distillation  of  bituminous  coal.  In  prin- 
ciple the  manufacture  is  simple,  but  in  practice  it  requires  considefible 
skill  to  prepare  a  good  illuminating  gas. 

The  distillation  is  conducted  in  horimntali  scmlcylindrical,  fireclay  t^r  cast- 
iron  relorls  set  in  brickwork.  A  variety  of  products  anc  forraed  besides  llie  g^; 
such  as  tail  heavy  oik^  Lighter  oils^  >>team^  ammonia  from  the  niirogen  of  lix  ooti, 
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etc.  There  h  left  in  tlic  retort  a  porous,  friable  misss,  oil  led  coke.  After  ihc  re- 
lorlii  have  been  used  for  some  weeks,  there  is  to  be  fouirrl  lining  their  inner  &ufl4<^ 
a  very  compact  layer  of  carbon,  usuaJly  known  as  gas-retort  carbon^ 

The  coal  h  dbtilled  at  a  bright -red  heat  and  the  volatilised  products  are  con- 
diictcd  into  a  large  horizontal  iron  pipe,  half  filled  with  water,  into  which  the  pipes 
from  the  retorts  dip.  (See  Fig.  59.)  This  m  caHed  the  hydraulic  oudn.  A 
large  part  of  the  coal-tOT  and  heavy  oils  condense  in  this  main.  The  vobtilc  prod- 
ucts are  then  made  to  traverse  a  series  of  upright  tubes  in  the  form  of  an  inverted  \}, 
called  condensers.  The  lower  end  of  one  limb  of  each  condenser  difts  under  water 
so  as  to  ccuM  the  gas  and  to  wash  out  the  ammonia.  After  traversing  a  number  of 
these  condense rs.t  where  the  remainder  of  the  tar,  steam,  and  ammonia  arc 
condensed i  the  gas  passes  to  the  purifiers.  These  are  composed  of  a  series  of 
large  boxes  in  which  are  »eYeral  perforated  shelves  or  trays  holding  fresh  staked 
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usi  aod  iran  o^cjc     The  gas  is  passed  slowly  through 

jxi&e  it  to  the  action  of  the  lime  or  iron  oxide,  lo  rcinovc 

lie  acids,  if  present,     in  some  plants  there  is  an  addkiunal 

at  iMwhiiYi^  ibc  gas  by  (massing  it  through  weak  i^ulphunc  acid  to  remove  the 

of  ammonia  still  t^maimng.     The  tar  and  ammonia-hquor  are  sold 

'Vhc  maunonia^liquor  furnishe<  a  very  considerable  \Kynlon  of 

cumpjunils  i>f  the  market*     After  passing  through  the  puriftera  the 

piiiootttturicd  in  undrj^rourid  pipes  to  the  gasometer*  to  be  sturifd  until  needed. 

fht  gMOniAtier  is  a  very  larger  tub-shajjed  vessel  made  of  boiler-iron j  floated] 
Immb  Ufywaid  ttpOQ  water.     It  is  balanced  by  weights  attached  to  chains  passing] 
mm  fwBiryi,  at  toe  tup  of  ipon  pillars,  which  are  crectc^I  anmnd  the  gasometer  forf 
Am  pnrpoi^*     A^  the  ga^  h  forced  into  the  gasometer  the  latter  rises  out  of  the 
mtat  mid  sinks  >ig;iin  us  the  gas  is  used. 

YiniomotlM^  processei  for  the  manufacture  of  gas  have  been  used  ^ith  vary- 
1^1  iMrry ;  siirb  xs  the  distilbtion  of  the  heavy  j)ctri>lcum  oils,  either  alone,  with 
Ottlp  or  With  the  admUtUTe  of  the  vapors  with  air  or  steam. 

or  slr^ftB,  is  air  saturated  with  the  vapoiB  of  the  very  volatile  oib 

Water-gas  h  %"cn*  largely  used  in  all  large  cities,  owing  to  the  cheap* 
ULi  e.     It  k  made  by  the  action  of  air  and  steam— used , 

l»  .  I  ih  e  neceissa  r v  lem  pera  t  u  re— li  po  n  a  n  th  ra  c  i  te  coal  \ 

ttm  nd  or  white  heat.     Cj  +  afi^O  =-  2CO  +  2H^.     The  gas  thus 
b  mixed  with  \^por  from  naphtha,  and  then  again  strongly 
in  tubular  retorts,  and  finally  purified  as  in  ordinary  coaJ-gas.| 
IVi  wmter-gas  has  vcn'  large Ir  replaced  the  gas  made  from  bitumin- 
mttmL 

Composition.— The    ct>mposilion    of    aial-gas    varies    somewhat 
the  cTiffipr>siti4^n  f^f  the  coal  used  and  the  temperature  of  the 
dudn  I  ion, 

fc4lr  represent  the  csomposition  of  coal-gas  and 

'gMSuppisai  ^  BnMiklyfi  in  tSSj: 

CiftcMi  dkxskir, ...*. -..    0.0  o.j 

Caffkoti  ttioiKiKidei. ^ - -  7.y  aS. 25 

I (CM^ c^t^ itc.'),'J.V.". Mill"  4*3  i^is 

(CHJ ,.* .-. agJi  jt4S 

- ....»..,._7f_  6»5 

100,00  100.00 

Akbougfi  the  dcstnicth*e  dtsi illation  of  cnal  is  usually  cr>ndurted^ 
priOEUitT  fiir  the  pn>dyction  of  illuminating  gas  the  Mdcpniducts' 
art  rcat  imfHJrtancc, 

t^ju*^  p*»rtion  of  the  liquid  that  condenses  in  the  hydraulic 
h  known  a>  mmitioiiia-liquor,  fmm  ihe  fact  that  it  contains 
i  tfiUiiOiiium  cr>m|*ounds  derivwl  from  the  nitmj^en  of  the  coal. 
lie  difeSj  die  airbc>n£ile,  milphide,  cyanide,  and  sulphocyanatc 
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This  ammonia-Liquor  is  perhapsv  one  of  the  most  useful  of  the  sidt 
products  of  the  distiilation,  becaut^e  tt  is  the  chief  source  of  ammonk,  | 
so  useful  as  a  fertilizer  aod  for  many  other  purposes. 

Coal -tax. — This  is  the  tarry  hquld  which  condenses  in  the  hyctran-l 
lie  main  J  and  froni  wliich  so  many  of  the  compounds  of  modern  organic  j 
chemistry  are  derived.  Coal-tar  is  a  very  complex  mixture,  compogedl 
chiefly  of  hydrocarbons.  The  student  should  dearly  distinguisii  be*| 
tween  coal-tar  and  petroleum,  which  is  a  naturai  product  obtainodi 
irom  wells.  The  hydrocarbons  are  separated  from  one  another  lif  1 
fmctional  distillation  of  the  tar  in  in>n  retorts. 

The  first  distillation  is  usually  into  light  oil,  heavy  oil,  dead  oil, 
naphthalene,  anthracene,  and  pitch,  or  asphaltum.    These  MsgA- 
rate  j^wirlions  are  then  redisliUed  or  otherwise  treated.     The  direct  or  | 
indirect  products  of  coal-tar  are  almost  without  niunber,  and  many  of  j 
them  of  gn^t  importance  in  the  arts* 


CARBON  AMD  THE  HALOGEHS. 

Carbon  forms  with  chlorine  the  foUow^ing  compounds:  carbon  1 
chloride,    CCIi;   carbon   chloride,   C^Cl^;   carbon   dichloride,   C^O^'i^ 
carbon  trichloride,  CjCl^;  and  the  oxyThlonde,  COCl,. 

It  combines  directly  with  some  of  the  metals  to  form  carbides.  The 
carbide  of  iron  is  a  familiar  example.  The  carbide  of  calcium,  CaC^ 
has  recently  been  found  a  valuable  commercial  product,  used  to  maou- 
facture  acetylene,  CjH^. 


CARBOir  AND  OXYGEN. 
There  are  two  oxides  of  carbon  known,  having  the  formulae  CO 


4 


COj 

Carbon  monoxide,  CO,  is  a  colorless,  tasteless,  almost  odoriesa, 

combustible,  and  very  poisonous  gas. 

It  is  always  produced  when  carbon  or  bodies  containing  it  ait 

burned  with  an  insufficient  supply  of  oxygen  or  air,  or  by  conducting 

carbon  dioxide  over   or  through   red-hot  coals.    CO^  +  C  —  a  CO. 

It  may  be  prepared  by  warming  oxalic  acid  w*ith  sulphuric  ^dd, 

HjC,0^  +  UfiO,  ^  H^SO^  (or  R,0  .  H^SO^)  +  CO^  +  CO. 

The  mixed  COa  and  CO  are  passed  through  a  solution  of  sodium 
hydroxide  to  absorb  the  COj,  and  the  CO  remains.  One  part  nf 
potassium  ferrocyanide,  warmed  with  nine  parts  of  HjSO^,  may  be 
used  to  give  the  gas  in  nearly  a  pure  state.  Its  density  is  14,  It  is 
almost  insoluble  in  water,  but  soluble  in  a  solution  of  cuprous  chloride 
in  ammonium  hydroxide.    It  burns  in  the  air  with  a  bluish-lavender 
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fkmc»  pftdudng  ilie  higher  oxide,  COj,  Owing  to  this  property^ 
lijs  an  important  part  in  the  reduction  of  ores  in  the  blast-furnace, 
i:  does  not  support  oombustion  or  respiration.  It  diffuses  readily 
thromgli  red-bot  cast-iton,  and  frequently  escapes  from  stoves  and  hot- 
air  furnaces. 

Fbysialogical  Effects.— It  has  the  power  of  combining  with  the 
hcEEiQ^obtn  of  the  blood  ami  of  eicpelling  the  oxj'gen.  It  thus  acts 
as  a  narcotic  poison^  causing  dizziness,  headache,  nausea,  incoordina- 
tiofi  of  movieipents,  con\^l£ions,  and  death.  If  the  carbon  monoxide 
be  in  sufficient  quantity  to  saturate  aU  the  hemoglobin,  recovery  seldom 
lakes  pbce,  Tlie  blood  has  a  light-red  color  and  does  not  coagulate 
after  death,  or  decompose  as  readily  as  normal  blood.  When  diluted 
and  examined  with  the  spectroscope,  it  gives  tMo  absorption  bands 
amllar  ta  those  in  number  lo,  Frontispiece,  but  they  are  removed  some- 
vlttt  towajd  the  violet  end  of  the  spectrum.  If  the  hemoglobin  is  only 
imitlally  satuimted  recovcr^^  may  take  place,  but  very  slowly— debility, 
kiDrexia,  etc.,  remaining  for  days.  Air  containing  0.5  per  cent,  kills 
■mhIs  in  three  minutes;  two  per  cent,  renders  a  guinea-pig  insensible 
liii  iwo  minutes.  Artificial  respiration  is  of  little  use.  Transfusion  of 
nlood  or  intravenous  injeaion  of  sterilized  salt  solution,  0.7  per  cent.. 
iMhr  most  promianfi  treatment^  1  he  sources  oTdanger  are  open  fires, 
^^■Clivc  draft  in  chimneys,  enrafie  of  coal-gas,  and  esjiedally  "water- 
^^^'  from  defective  fittings  or  from  leaks  under  the  ground.  When  the 
Bretmd  is  fTx>zen  and  the  gas  escapes  into  the  soil  near  a  dwelling,  the 
^Biliffuses  through  the  ground  into  the  cellar,  and,  as  it  is  thus  deprived 
Plfcs  odor,  pen%>ns  may  be  poisoned  and  not  know  where  it  comes 
Hnm.  Illuminating-gas  poisoning  is  essentially  a  poisoning"  by  the 
Icarfoon  tnonoxjde  which  it  contains.  Suffocation  by  this  gas  is  not  very 
Ldifferent  from  suffocation  by  other  gases,  and  should  be  distinguished 
[fa^m  poisoning. 

1  Carbon  fUoxide,  carbonic  anhydride,  CO,,  sometimes  called 
Icmitoiiic  add  gas,  is  found  free  in  the  air  in  the  proportion  of  about 
Itair  pasts  per  10,000,  and  in  ordinary  well-v^entilated  rooms  from  h\G 
I^Bl  parts  per  10,000.  It  h  found  in  votcamc  gases  and  in  solution 
^^batty  mineral  springs.  It  sometimes  accumulates  in  dangea^us 
^^■Itities  in  mines^  wells,  and  cellars,  and  is  then  known  as  *' choke- 
^^K).*'  It  may  be  detected  in  such  places  by  lowering  a  candle.  It 
^^Kodoced  when  carbon  or  its  compounds  are  burned  with  a  free 
^^by  of  air,  by  alcoholic  and  other  fermentations^  by  the  respiration 
^^■ntmaJs,  and  by  slow  oxidation  of  organic  matter  in  the  nattiral 
^^fefls  of  decay*  in  the  laboratory  it  is  obtained  by  the  action  of  an 
a  cai^nate, 

C*CO,  +  iHCl  -  CO,  ^  CaClg  +  HjO. 
i4 
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Carbon  diojdde»  at  ofd]nar>'  temperatiues  and  pife^ures^  is  a  color* 
less,  transparent,  odorless,  tasteless  (by  some  thought  to  be  swediil) 
gas.    Specific  gravity  =  1-524.     Density  =  22,     Under  a  pressure  «f 
tkiJly-six  atmospheres  at  o**  C.  (j2^  F.)  it  b  condensed  to  a  coloi 
roobile  liquid  of  sp.  gr*  0,94,    Aboi'e  31-9°  C  it  can  not  be  Iique6ed 
any  pre^ure.    Thk  ts  known  as  the  critical  pomt  m  tempcfatare,] 
When  the  liquid  is  ejrposed  to  the  air  it  rapidly  e%*apomtes,  pndudog 
temperature  so  low  as  to  freeze  a  portion  of  ii  to  a  snow-like  s4>1mJ, 
i€fnf>erature  being  sometime  as  low  as  — 130°  C.  {—202'^  F.).    The 
extinguishes  the  combustion  of  burning  bodies,  and  animals  die  vi 
quickly  in  it.     Death  has  resulted  from  persons  entering  mines,  wi 
and  fermenting  vats  where  the  gas  has  accumulated.     It  is  unsafe  for 
man  to  venture  into  a  well  or  other  place  where  a  candle  will  not  burn. 
This  irrcspirable  raijcture  of  COj  and  air  is  known  among  miners 
choke  damp.     CO^  is  soluble  in  its  own  volume  of  water  at  the  or 
dinary  temf>eriiture  and  pressure,  forming  a  solution  of  carbonic  add, 
HjCOj.     Common  soda-water  is  a  solution  of  the  ^s  in  water  under 
pressure ;  it  contains  no  sodium  salt,  as  its  name  would  imply. 

Poisonous   Efifects.— These  vary  with    the    degree  of    conccfi- 
tration  of  the  gas  and  its  dilution  with  other  gases.     If  the  ffiS 
pure,  it  causes  death  instantly  by  asphyxia  from  spasm  of  the  ^ttisS 
When  somewhat  diluted  there  is,  at  first,  great  loss  of  muscular  power; 
the  i>erson  becomes  livid,  sinks  down,  and  dies  without  a  struj 
When  stiU  more  diluted  there  is,  at  first,  irritation  of  the  throat ; 
giddiness  J  ringing  in  the  ears,  loss  of  muscufar  power,  with  rapid  pulse 
and   respiration,  and   occasionally   vomiting  and   convulsions,  whicii 
finally  end  in  coma  and  death. 

The  amount  of  the  gas  that  can  be  tolerated  in  the  air  depends  not 
only  upon  the  quantity  of  it  actually  present,  but  also  upon  the  source 
of  it.     Thus,  when  the  source  of  the  gas  is  animal  respiration  or  com 
bustion,  the  oji^gen  is  wHthdmwn  from  the  air  at  the  same  time,  and 
much  smaller  quantity  will  prove  fatal  than  when  the  gas  is  simplj 
added  to  the  normal  atmosphere. 

If  the  CO^  is  sim[?ly  added  to  the  air,  10  pgLCfinL  may  be  regarded 
as  poisonous^  and  even  8  per  cent,  will  prove  injurious.  If,  on  ibc 
other  hand,  the  oxygen  be  increased,  an  air  containing  even  20  p^f 
cent,  may  be  breathed  by  animals  for  a  short  lime  without  fatal  results. 
A  taper  will  burn  in  an  air  containing  8  per  cent,  of  CO,  provided  the 
oxygen  be  present  in  normal  quantity^  and  will  bum  feebly  in  such  an 
air  containing  10  per  cent.  Where  the  COj  is  produced  by  respira- 
tion the  injurious  effects  are  soon  perceived,  and  are  due  to  seveiai 
causes — vix.,  the  deficiency  of  oxygen,  the  presence  of  too  great  a 
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quantity  of  CO^  and  moisture,  the  rise  in  temperature,  and  the  action 
of  ihe  or^gank  matter  exhaled  imm  the  lungs  and  skin. 

The  expired  air  contains  imm  4  to  5  per  cent,,  or  about  0.7S  cubic 
foot  of  COj  per  hour,  and  there  is  absorbed  0*94  cubic  foot  of  oxygen. 
A  stearin  candle  gives  off  0,5  cubic  foot  of  CO3  and  uses  up  i  cubic 
foot  of  oxj'gen.  A  gas-light  burning  5  feet  of  gas  per  hour  (12  candle- 
power)  ^'ves  off  ver^'  nearly  6  cubic  feet  of  CO^,  or  3,7  limes  as  much 
as  I  man;  as  much  heat  as  2  men;  removes  more  oxygen  than  5  men, 
and  gives  off  nearly  as  much  water-vapor  as  5  men.  More  than  6 
parts  of  COj  per  10,000  of  air  renders  it  oppr^sive,  and  should  not  be 
allowed.  Assuming  the  amount  of  CO,  given  off  In  an  hour  by  an 
adult  to  be  0.7  cubic  feet^  and  normal  air  to  contain  4  parts,  it  would 
leqiiire  about  3500  cubic  feet  of  air  per  hour  for  each  adult  occupant 
of  a  iDom^  in  order  that  it  should  not  receive  more  than  2  parts  per 
10,000  of  CO  J,  or  2  cubic  feet  per  lo^ooo.  Dn  Parkes  fbces  the  amount 
neo^saiy  at  2000  cubic  feet  per  hour.  It  h  impossible  to  change  the 
air  of  a  room  oftener  than  3  or  4  times  per  hour  without  causing  un- 
Gooifoitable  drafts;  and  it  would,  therefore,  require  700  to  rooo  cubic 
lect  of  room  space  in  order  to  keep  the  air  of  the  room  in  a  proper  con- 
dition^ If  lights  are  used^  which  also  pollute  the  air,  a  corresponding 
calculation  must  be  made  for  them.  A  common  oil  lamp  (not  an 
argand  lamp),  or  tw^o  sperm  candles  will  contaminate  the  air  about  as 
much  as  an  adult  man.  The  English  Poor-La w  Board's  requirements 
for  dormitories,  to  prevent  overcrowding,  are; 

Ctmc  Feet. 

13QO  for  lying-ia  cases  and  offensive  sick. 
850  **  sick» 

700  "  infinri.  Same  room  night  and  day. 
500  "  in£mi«  Srparatc  room  during  day, 
300  "  healthy- 

These  figures  are,  of  course,  too  small  for  general  use.  Parkes 
quotes  Mono  as  giving  the  following  amounts  of  fresh  air  necessan^  to 
be  fiimisiied  to  each  adult  per  hour  in  the  following  circumstances: 

In  bifTicks,  .  - 1059  CM.  fv  per  houj.     2 1 1 S  cq.  ft  per  hour. 

"•cbook, ,.-1051?     '* 

«boi^l%., 3S2S     " 

In  sleeping  apartments  the  amount  of  space  allowed  to  each  indi- 
vidual Evhould  be  not  less  than  1000  cubic  feel — /.  t.^  a  rc)om  10  X  10 
X  10  feet,  Buf^  as  the  proportii^n  of  carbon  dioxide  would  accumu- 
late  slowly,  and  as  a  much  larger  amount  of  the  gas  may  be  borne 
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without  serious  discomfort,  t-ven  one-half  this  capacity  may  be  tolerated 
with  litde  inconvenience  beyond  a  feeling  of  fatigue  or  sleepiness  io 
the  morning.  Dr.  Tidy  regards  400  cubic  feet  as  the  very  smallest 
amount  of  space  that  should  be  allowed  to  each  i>erson  In  a  well-venti- 
lated sleeping  room  to  avoid  serious  overcrowding.  Analysis  shows 
that  the  foulest  air  in  an  occupied  worn  is  at  ihe  ceiling.  The  heat  of 
the  body  or  of  a  lamp  caujses  an  expansion  of  the  air  about  them,  and 
an  upward  cnirrcnt  of  heated  CO^,  water-vapor,  etc.  These  gases  reach 
the  ceiling  before  they  cool  sufficiently  to  stop  this  upward  current,  and 
before  there  is  time  for  perfect  difiFusion.  The  upper  galleries  in  the- 
aters are  thus  supplied  with  impure  air  from  the  main  hmr  and  lower 
galleries,  and  from  the  gas-lights.  Fresh  air  should  always  be  admitted 
to  a  room  near  the  floor,  and  the  outlet  for  impure  air  should  be  at  or 
near  the  ceiling.  It  must  be  remembered  that  the  law  of  diffusion  of 
gases  does  not  allow  the  COj  to  accumulate  in  one  part  of  the  nxjm 
and  remain  there  for  any  considerable  time,  but  mixes  it  evenly  through 
the  ain 

Nor  is  this  diffusion  confined  within  a  nxJm.  It  takes  place  tlirough 
porous  walls  between  the  indtwr  and  outdoor  air,  especially  in  winter, 
when  there  is  much  difference  in  the  temperature  of  the  two. 
Indeed,  a  very  fair  amount  of  ventilation  may  be  effected  in  this  way, 
where  the  walls  are  of  brick  or  stone,  and  not  papered  or  painted  inside. 

Carbon  dioxide  exists  in  the  blood  partly  in  solution  in  the  serum, 
partly  combined  as  sodium  bicarbonate,  partly  as  sodium  phosjiho- 
carljonate,  and  partly  combined  with  the  hemoglobin  of  the  corfiuscles. 
Putrefaction  of  the  body  after  COj  poisoning  is  slow,  while  animal  hi 
and  rigidity  are  very  persistent. 

Tests  for  Carban  Dioxide. — If  the  quantity  exceeds  twelve  per  cent.,  a  ta| 
is  extingybhcd*     J>ime- water  and  ban'ta -water  absorb  CO,  frcim  the  air^  and 
rendered  cloudy  by  Jt*  from  the  precifjitation  of  the  carbonate  of  calcium  or  banum. 

Advantage  is  Ukcn  of  this  fact  to  estimate  the  quantity  of  CO-  in  air.  A  simple 
wa.y  of  testing  whether  the  air  of  a  room  contains  too  murh  CO,  is  to  select  a  quart 
boltlej  fill  it  with  tlie  air  of  the  room  by  first  filling  the  bottle  with  walcr  and  then 
pwiuring  it  out  alowlvt  and  add  to  the  bottle  one  cubic  ccniimeter  (tqixvas)  of  clear 
and  well-saturated  lime-water,  faintly  colored  with  phenol  phi  ha  Icin.  Add  a  little 
|>ure  water,  cork,  shake,  and  let  stand  for  a  few  hours.  Pure  outdoor  air  contains 
just  sufficient  CO,  to  decolorize  the  Ume-water.  Indoor  air  should  not  deci 
more  than  i  .3  ex,  of  Lime-water* 

Carbonic  Acid  and  Carbonates.— CO  j  is  soluble  in  water,  with 
which  it  combines  to  form  carbonic  acid,  HjCOa. 

H5O  -h  COj  =  H^COjj. 

Carbonic  acid  is  a  feeble,  dibasic  acid,  forming  a  double  series  of 
salts,  the  carbonates  and  acid-  or  bi-carbonates.    As  mentioned 
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abcrv-c^  *' soda-water"  is  a  5<^»1uLion  of  carbonic  acid  in  water,  kept 
under  ptessure.  When  the  pressure  is  removed,  a  large  portion  af  the 
mdd  undergoes  decomposition  into  the  anhydride,  CO^,  and  water, 
Tbc  same  decom position,  with  effervescence^  takes  place  when  we 
ptepare  the  acid  by  treating  a  carbonate  with  a  stronger  acid.  The 
ciiliofiales  of  gold,  arsenic^  antimony,  and  aluminum  are  unknowiu 
Tile  carbonates  of  K,  Na,  Li,  Cs,  and  Rb  are  soluble  in  water  and  are 
not  decomposed  by  heat;  while  the  carbonates  of  all  the  other  metals 
aie  insolyble  and  arc  decomposed  by  h^t,  giving  the  ojidcs  of  the 
sietals* 

CaCf\  -  CaO  +  CO^ 

The  bkarboitates  are  fonned  by  ]mssfng  carboii  dioxide  through  solu- 
tkNis  d  tlie  afkallne  carbonates. 

N%pO.  +  H/>  +  CO,  -  iHNaCO,, 

They  are  inverted  into  the  carbonates  again  by  boiling  the  solution. 
The  carbonates  of  ammonium  are  volatilized  by  heat.  Water  charged 
with  carbonic  acid  dissolves  the  carbonates  of  S4>me  of  the  metals,  as 
calciiioiy  magna^ium,  Lron,  copper,  lead,  etc.^  giving  rise^  in  the  case  of 
the  first  two,  to  a  hard  water.  This  hardness  is  deposited  again  on 
tM>iUng  the  sf^Iution,  or  even  on  free  exposure  to  the  air.  CO,  thus 
plays  an  important  ymrt  in  certain  geological  formations. 
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Carboo  dtsulphide,  carbooei  disulpbidum  (U.  S.  P.),  carbonis 
pliidiim  (Br.),  CS^,  is  formed,  like  the  dioxide,  by  the  direct  union 

Uic  ekments.  When  the  vapor  of  sulphur  is  passed  over  charcoal 
heated  to  redness,  the  elements  combine,  producing  the  vapor  of  carbon 
dJsulphldei  which  condenses  into  a  very  volatile^  colorless,  mobile 
Dqttidt  pQcsses&ing  a  peculiar,  disagreeable  odor.  It  refracts  light 
Stronglx,  and  for  this  reason  is  used  to  &11  hollow  glass  prisms  for  the 
fpectfCWCDpe.  It  is  combustible,  burning  w  ith  a  blue  flame,  and  has 
bcfii  stifiiEested  as  a  means  of  fumbling  sulphurous  oxide  for  fumigation, 
by  burning  a  mixture  of  CS^  and  alcohol  in  a  lamp.  S|>ecific  gravity, 
i.:256  to  i.t57  at  25°  C,  (77^  F). 

The  vapor  mixed  with  air  forms  an  explosive  mixture,  and  mixed 
with  nftmus  oxide  il  bums  with  a  ver>'  brilliant  flame.     It  is  insoluble 

water,  but  is  miscible  with  alcohol  and  ether.  It  is  a  ready  solvent 
sulphur,  phosphorus,  caoutchouc  (india-rubber),  fats,  oils,  and 

ine,  with  the  last  of  which  it  forms  a  violel-r^  solution.     CSj 

Ives  in  a  solution  of  the  alkaline  sulphides,  forming  sulpho- 

(CarlKMiAtes  or  thiocarbonates.    CS,  +  K^S  =  K jCS^,    CS3  may  thus 
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be  regarded  as  the  anhydride  of  thiocarbonic  acid,  HjCS,,  obtained  by 
adding  hydrochloric  acid  to  a  thiocarbonate. 

Phannacopceial  Requirements. — Carbon  disulphide  should  not  affect  the 
color  of  blue  litmus  paper  moistened  with  water.  (Absence  of  sulphur  dioxide.)  It 
should  leave  no  residue  when  evaporated  spontaneously.  (Absence  of  sulphur.) 
Test-solution  of  lead  acetate  should  not  be  blackened  when  agitated  with  iu  (Ab- 
sence of  hydrogen  sulphide.)  Carbon  monosulphide,  CS,  a  brown-red  powder, 
a  sulphide  having  the  formula  C^^  and  an  oxysulphide,  COS,  are  also  known. 

CARBON  AND  NITROGEN. 

Preparation. — Although  carbon  and  nitrogen  can  not  be  made  to 
unite  directly,  yet  carbon  compounds  containing  nitrogen,  when  heated 
with  potassium  hydroxide,  >ield  potassium  cyanide,  KCN;  and,  in  the 
presence  of  iron,  form  potassium  ferrocyanide,  or  yellow  pnissiate  of 
potash.  From  these  two  compounds  all  the  long  list  of  compounds 
containing  the  radical  CN  are  prepared.  Cyanogen  and  the  cyanides 
are  frequently  regarded  as  organic  compounds.  They  are  treated  here 
among  the  inorganic  substances,  because  the  compounds  used  in 
medicine  and  pharmacy  are  mostly  metallic  salts. 

Cyanogen,  (CN),,  is  most  easily  prepared  by  heating  mercuric  or 
argentic  cyanide,  or  by  heating  a  mixture  of  two  parts  of  well-dried 
potassium  ferrocyanide  and  three  parts  of  mercuric  chloride. 

Properties. — Cyanogen  is  a  colorless  gas  possessing  a  pungent  odor.  It  is  sol- 
uble in  one-fourth  its  volume  of  water  and  one-twentieth  its  volume  of  alcohol.  It 
is  easily  condensed  to  a  liquid  at  — 20.7**  C.  ( — 5°  F.),  or  at  ordinary  temperatures 
by  a  pressure  of  four  atmospheres.  At  — 34°  C.  ( — 29.2®  F.)  it  freezes  to  a  snow-like 
solid.  It  burns  in  the  air  with  a  purple-red  flame.  The  free  cyanogen  molecule 
is  composed  of  two  cyanogen  radicals,  CN — CN.  The  radical  CN  (symbol,  Cy) 
is  a  monad,  negative,  or  acid  radical,  resembling  the  elements  of  the  chlorine  group 
in  its  chemical  behavior,  and  forming  a  series  of  cyanides  resembling  the  chlorides, 
thus: 

Potassium  chloride,    KCl.  Potassium  cyanide,    KCy. 

Silver  chloride,  AgCl.  Silver  cyanide,  AgCy. 

Mercuric  chloride,      HgCIj.  Mercuric  cyanide,      HgCy,. 

Hydrocyanic  acid,  prussic  acid,  HCy,  is  most  readily  obtained 
by  decomposing  the  metallic  cyanides  with  sulphuric  or  hydrochloric 
acid. 

KCy  4-  H2SO4  =  HCy  -f  KHSO^. 
AgCy  +  HCl  =  AgCl  4-  HCv. 
2K^FeCye  +  6Hj^O,  =  FeK^FeCy^  +  6KHSO^  +  6HCy. 

The  acid  boils  at  26.5°  C.  (79.7°  F.),  and  is  soluble  in  water,  from 
which  it  gradually  escapes.  It  is  a  colorless  liquid,  of  a  characteristic 
odor  and  taste,  resembling  those  of  bitter  almonds,  the  oil  of  which 
contains  from  five  to  fourteen  per  cent,  of  this  acid.  It  is  also  a  con- 
stituent of  laurel-water. 
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Acidiiiii  bydrocyanicum  dllutum  (U.  S,  P.,  Br.)  contains  two 
per  ccnL  of  HC>%  while  the  French  Pharmacopceia  requires  the  acid  to 
contain  ten  per  cent. 

Preparation.— The  U.  S,  P.  directs  that  potassium  fermcyanide 
be  filiated  in  a  retort  with  sulphuric  acid  and  the  resulting  HCy  dLstilled 
into  a  receiver  containing  dilute  alcohol.  The  pniduct  is  then  as- 
sayed, and  diluted  with  distill^  water  to  bring  it  to  the  strength  of 
two  per  cent. 

A  formula  b  also  given  for  preparing  the  acid  e^ctemporanei^usly* 
SSiwer  cyanide  and  hydrochloric  acid  are  shaken  in  a  glass-stoppen^ 
boctie,  and  when  the  precipitate  has  subsided  the  clear  liquid  is  poured 
off,  ready  for  use. 

Cyanides,— Pnissic  acid  forms  a  seri^  of  compounds  knovsn  as 
cyanides^  which  n^emble  the  halogen  compounds.  The  cyanides^  of 
potassinni^  merajr>%  and  silver  are  best  known.  The  first  is  soluble 
b]  water;  the  other  two  are  insf>luble*  The  potassium  salt  is  used 
ki^ly  in  photography^  in  electrometallurgj^j  and  in  the  extraction  of 
goid  from  its  ores. 

Tosieologyt — Hydnxy^anic  acid  and  the  c}*anid^  are  very  poisonous. 
One  dt0p  of  the  pure  add  is  enough  to  cause  almost  instant  death. 
Accidents  are  liable  to  occur  from  the  use  of  the  cyanides,  or  from  the 
acid,  or  vegetable  substances  cir»ntaining  amygdalinj  a  body  which 
easily  under^go^  decomposition  into  prussic  acid  and  other  products. 
Bitter  almonds,  cherr}^  laurel,  die  pits  of  the  common  cherr}%  plum, 
and  pcacii  may  be  mentioned  as  the  most  common  of  these.  In 
England,  poisoning  by  cyanides  ranks  second  in  order  of  frequency  of 
aD  OSes  of  poisoning.  One  grain  of  HCy  and  2.4  grains  of  potas- 
stiam  cjmnkle  are  sufBcient  to  cause  death  in  man.  The  symptoms  of 
pojaonti^  by  HCy  and  KCy  are  very  nearly  the  same— first  a  saliva- 
lioii,  then  constriction  of  the  throaty  giddiness,  and  insensibility.  The 
peisin  then  falls,  usually  in  a  convulsion;  respiration  and  pulse  be- 
oocDe  ifTCgular,  and  finally  cease.  The  symptoms  commence  from  ten 
seconds  to  one  minute  aft^r  swallowing  the  poison,  depending  some- 
wital  upon  the  dose  and  form  of  administration.  In  some  ca^es  death 
alincifil  instantaneous;   in  others  it  is  prolonged  to  fifteen  minutes, 

IcM^er.  Hydrocj^anic  acid  enters  the  blood,  fonning  a  compound 
ilh  the  hemoglobin,  passes  to  the  mcrluUa,  and  paralyzes  the  respiia- 
m'  centers.  The  postmortem  appearances  are  mainly  those  of 
oSbcitiofif  and  evervTvhere  there  is  the  odor  of  the  acid,  unless  con* 
by  putrefactive  odors,  Wlien  potassium  c^'^anlde  has  been  used, 
'ther^  is  usually  inflammation  of  the  stomach,  due  to  its  caustic  action* 

Chronic  poisoning  fey  cyanides  may  occur  in  photographers^ 
gfldefSy  and  electroplaters.    The  symptoms  arc:  headache,  giddiness, 


200 


MEDICAL  CHEMISTRY. 


noises  in  the  ears^  pains  in  the  region  of  the  heart,  difficult  respiration, 
lass  of  appetite,  nausea,  obstinate  constipation,  fuU  pulse,  palloFj  and 
offensive  breath. 

Treatment. — When  lime  permits,  use  cold  douches,  ammonia  in- 
halations, chloride  of  lime  alone  or  mois^tenctl  with  vinegar  and  held 
to  the  nose,  friction,  electricity,  and  artificial  respiration*  The  best 
antidote  is  a  mixture  of  ferrous  and  ferric  sujphates,  with  sodium  or 
potassium  hydroxide  or  carbonate.  Usually,  however,  there  is  not 
sufficient  time  to  apply  these  remedies,  except  in  cases  of  pinsoning 
by  the  vegetable  substances  above  mentioned  as  containing  HCy,  aod 
in  chix:)nic  poisoning. 

Tests. — (i)  Silver  nitrate  preripitalc^  the  acid  as  silver  cyanide — a  white, 
curdy  precipitate,  in&oluble  in  cold  or  wtak  nitric  aticL  A  gla^s rod  tnaistened  %ith 
AgNOj  and  held  in  the  vapjor  is  rendered  milky,  (2)  Add  a  solution  of 
potassium  hydroxide,  then  a  solution  of  ferrous  sulphate  minced  with  ferric  sulphatft 
then  a  small  quantity  of  sulphuric  acid,  when  the  blue  color  of  Prussia. n  blue 
will  appear,  (3)  To  a  small  p4>ruon  of  the  suspected  liquid «  in  a  wide  test-tube 
CKT  crucible,  add  diluted  sulphuric  or  hydrochloric  acid.  Invert  over  ihb  a  watch- 
glass,  convex  side  down,  with  one  or  two  drops  of  yellow  ammonium  sulphide  upott 
the  under  side  of  it.  Warm  the  crucible  gently,  and  after  a  few  minutes  remove 
the  watch-glass,  warm*  and  evaporate  the  ammonium  sulphide  by  blowing  upon  it* 
Now  touch  the  stain  with  a  drop  of  ferric  chloride,  when  a  blood -red  slain  will  make 
lis  apfjcarance,  due  to  the  formation  of  sulphocyanate  of  ammoniuni  on  the  glass 
with  which  the  iron  gives  a  red  color.  This  test  Is  easy  to  perform,  is  applicahle  lo 
organic  niiKtures,  and  is  ciuite  delicale. 

Cyanic  Acid* — HOCy-  Metallic  cyanides  readily  take  up  oxj'gen 
when  fused  with  potassium  nitrate,  or  even  the  oxides  of  some  of  the 
metals,  tu  form  cyanates.  Cyanic  acid  may  be  prepared  by  decom- 
posing its  salts  wilh  diluted  acids.  It  is  unstable,  and  readily  breaks 
up  into  carbon  dioxide  and  ammonia, 

HOCN  +  H^O  ="  NHj,  +  CO,, 

Of  the  cyanatesj  the  ammonium  cyanate  is  the  most  interesting,  as  its 
solution  to  water,  on  being  heated,  forms  urea,  a  body  isomeric  with 
it,  and  a  well-known  excretory  i>ubstance  found  in  urine, 

NH.CNO  -  CO{NH,V 

This  h  interesting  as  Ijeing  the  first  animal  substance  prepared  by 
^nthesis. 
Compoimd  Cyanides. — Cyanoj^en  i^hows  a  remarkable  tendency 
to  form  com|)lex  rumpounds.  Amt>ng  these  more  complex  compounds 
are  two  series  of  bodies  in  which  cyanogen  and  iron  form  the  radicaL 
Of  these,  the  ferrocyaQides  and  ferricyanides  of  potassium  and  iron 
are  the  most  important  and  will  be  described  among  the  salts  of  these 
metals. 
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CailKHi  combipcs  djigdly  wi$k  a  i 
al  the  Tcty  high  tanpcimlQic  of  the  dectTic  ] 
caihides.    The  mpst  inler^tiDg  propcftr  of  tt^e  cuhide^ 
befa^vior  with  water.    Iioa  caihide,  howerrr^  is  not  aflcclBd 
QUcttuit  carbide  reacts  with  it  meigcticdh',  with  the 
ace^lene,  CjH^    CaC,  +  jH^O  -  CaO,H,  i  CjH^ 
inde  gives  with  water  an  ewchhkmi,  of  mar^  gis^  (^<>    Otha^cailaiifes 
giire  a  Ditituie  of  these  two  hi^drocaibans.     UcaiiiuiB  caihtde  glrcs  a 
mktnre  of  maish  gas  aad  Iquid  ^nliocaitioias. 

The  ftmber  omsidaalipa  of  Ibe  caihon  ompoiiiids  will  be  f cmoii 

SILICOIT  (SlUctmi). 

a  ^  *&, 

OcctUTcnce.— It  occurs  in  ttative  rocks,  eitbcr  as  sOicii:  oixl^ 
SiO^  qu&rti^  amethjst,  caineUan,  etc,  or  combined  with  vaiious 
metaJlk  ojddes  as  Miicate&  Claj  b  piincipaJIj  a  alicate  of  aJuminimi 
colored  with  iioii  and  vqg^table  mait^.  This,  nen  to  ojy^En^  b  the 
most  abundant  of  the  dianents.  Neither  the  element  occ  its  com- 
poufids  arc  of  much  interest  to  pharmaceutical  or  medical  students* 

The  element  never  occurs  native,  but  may  be  prepared  in  three 
aUotfopic  5t3tes:  amorphous  silicon,  graphitic  siUcoiip  and  ciys- 
taUized  silicon,  somewhat  resembling  the  three  states  of  carbon* 

Compounds.^ — ^SUicic  hydride^  SiH|,  h  obtained  as  a  colorless, 
^KHitaneously  inflammable  gas,  by  the  electrolysis  of  a  solution  of 
OOOimoo  salt,  using  for  the  positiv^e  electrode  aluminum  containing 
aficpo.  It  may  also  be  prepared  by  treating  magnesium  silicidc  with 
HCL  The  ma^iesium  silicide  may  be  obtained  by  heating  sand  with  an 
ejccess  of  magnesium  powder.  The  ^s  so  prepared  is  mixed  with 
hjpdiogeiL 

Silicic  chloride,  SiCl^,  is  a  colorless,  volatile  liquid  poss^^ing  an 
irritatiog  odor.  The  bromide,  SiBr^,  and  fluoride,  SiF^,  are  also 
known-  This  latter  is  decomposed  by  water,  fonning  hydro-fltio- 
silicic  acid,  H^F^Si. 

Silicon  sulphide,  SiS^,  and  silicon  nihide,  Si^,  are  also  known. 

Silicic  oxide,  or  anhydride,  SiOj^  is  the  only  known  oxide  of 
this  element,  and  exists  in  a  pure  state  in  quartz  cr}*siaL  It  may  be 
prepared  artificially  by  adding  hydrochloric  acid  to  a  amcentrated 
ioludon  of  soluble  or  water  glass,  filtering,  washing,  and  heating  the 
r^idue  to  expel  the  water*     Artiticially  prejKircd,  it  is  :i  fine,  while. 
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tasteless  powder,  fusible  with  great  difficulty,  and  not  sensibly  soluble 
in  water  or  acids,  with  the  exception  of  hydrofluoric  acid.  Its  sp.  gr. 
is  2.66.  WTien  fused  with  potassium  or  sodium  carbonates  or  hydrox- 
ides, it  forms  a  silicate  of  these  metals,  or  glass.  WTien  these  alkalies 
are  in  excess,  the  glass  is  soluble  in  water,  the  degree  of  solubility 
increasing  with  the  proportion  of  alkaline  salt  used.  This  compound 
is  known  as  soluble  glass  or  water  glass. 

Silicic  Acid  and  Silicates. — The  normal  silicic  acid  has  the 
formula  H^SiO^,  and  is  only  known  in  solution  in  water.  It  may  be 
prepared  by  adding  hydrochloric  acid  to  a  very  dilute  solution  of  an 
alkaline  silicate,  but  it  is  unstable.  The  acid  is  very  prone  to  liberate 
a  jH^rtion  of  its  water  and  form  acids  of  the  condensed  tj'pes — i.  e., 
two  or  more  molecules  unite  and  liberate  one  or  more  molecules  of 
water.  The  native  sihcates  are  very  complex  in  structure,  and  are 
usually  formed  on  this  amdensed  plan. 

Glass. — Common  glass  is  a  mixture  of  several  silicates,  in  which 
there  is  an  excess  of  silica,  the  principal  ones  used  being  sodium,  cal- 
cium, and  lead  silicates.  By  the  addition  of  small  quantities  of  metallic 
t^xidcs,  various  wlors  are  imparted  to  the  glass;  thus,  cobalt  gives  a 
blue*  manganese  an  amethyst,  cuprous  oxide  a  ruby,  cupric  oxide  a 
hhiish -green,  chromium  a  greenish-yellow,  ferric  oxide  a  brownish- 
xrllow  or  black,  and  ferrous  oxide  the  ordinary  green  bottle-glass. 

Germanium  is  not  of  sufficient  importance  to  merit  an  extended 
dcsi  option  here. 

TIN  (Stanmmi). 

Sn  =  1 18.     Six?cific  gravity,  7.3. 

Ottumnce. — Tin  was  known  before  the  Christian  era.  It  is 
><*s'i  ^^  hrtvo  biHjn  found  native.  The  chief  ore  is  cassiterite,  or  tin 
^HV4M\  SwO,,  The  metal  is  not  abundant  and  the  mines  are  but  few. 
t*us^N  >N^  Cornwall  are  best  known.  The  most  important  present 
V^^.r..vv  .^^v  ^^  ^roup  of  islands  lying  east  of  Sumatra  and  the  United 
\it^»*>s:  ^"^^  riulippine  Islands  are  said  to  also  contain  tin  mines. 
\'»i.^^^^^»;«,:  ,,^^  is  seldom  pure,  but  is  liable  to  contain  lead,  copper, 
V'.,    ^*Ms»  r^^i^^vMW.  or  arsenic. 

^"Vvi^^fH*  ^tttl  Uses.— Tin  is  a  bluish-white,  soft  metal,  malle- 

•-i,   '.*;w*.-H.  *.Nt  IX^xing  at  220°  C.  (428°  F.).     At  100°  C.  (212^  F.)  it 

;  \   ".^v^,*  iKv  \Kiiv.  l)ut  at  200°  C.  (392°  F.)  it  is  so  brittle  that  it 

■   'u     .  \^^^^iJ.     \i  oxidizes  readily  when  in  the  melted  state,  and 

*'  x  -     ^    .^^^...wjv-x  \\  takes  fire  and  burns  to  SnOj.    At  ordinary 

V     .  ^     *'     V  f**:>^\   iHTmanent  in  the  air.     It  dissolves  in  hot 

»■  '•*''■  .\   .^.o   ^,w*  \u  vlilutcd  nitric  acid,  and  in  hot  concentrated 


solutions  of  sodium  and  potassium  hydroxides.  As  tin  does  not  tar- 
nish in  the  air,  or  is  not  easily  attacked  by  the  or^nic  adds,  it  is  much 
used  to  prepare  culinary  vessels.  Owing  to  its  cost  and  britdeness  it 
is  usually  employed  to  coat  over  shect-inon  and  copper.  Ordinary 
sheet-tin  is  sheet-iron  covered  with  tin  by  immersing  the  previously 
d^nsed  iron  in  a  bath  of  melted  tin.  To  prevent  the  oxidation  and 
waste  of  the  tin  while  in  the  melted  state,  it  is  covered  with  a  layer  of 
mdted  tallow.  The  article  to  be  tinned  is  dipped  through  the  tallow 
uito  Ihe  melted  tin,  thence  into  another  bath  of  tallow  to  allow  the  exces&  i 
of  tin  to  nin  oE.  I 

An  alloy  of  tin  and  lead  is  largely  used  for  tinning  iron  and  copper^ 
to  reduce  the  cost.  This  alloy  is  corroded  by  ordinary'  water,  and 
should  never  be  used  for  culinary  vessels  or  for  canning  vegetables  or 
fruits^  on  account  of  the  lead*  Brass  and  copper  articles  may  be 
given  a  thin  layer  by  immersing  them  in  a  boiling  solution  of  tin  chloride, 
in  contact  with  pieces  of  metallic  tin.  Mirrors  are  coated  with  an 
amalgam  of  tin  in  such  a  way  as  to  exclude  all  air.  The  ordinary  lin- 
fofl,  used  as  wTapping  material*,  is  made  by  rolling  a  sheet  of  lead  be- 
tweeji  two  sheets  of  tin. 

Many  &Uoys  of  tin  &it  in  common  u^e,    Soid«r  is  an  alloy  of  tin  and  lead,  in 
the  lacio  ol  2  Uj  i,  i  to  i^  or  i  to  2.    Bnmze  is  an  alby  of  tin  and  copptT.    Gun- . 
inetal  h  composed  of  10  per  cenL  tin  and  90  per  cent,  copper.    Bell- metal  k  Km 
to  3%  WT  cent  tm  and  the  rest  copper.  ^         1 

PboBphorus  bronze  is  made  by  fusing  coprjcr  and  tin  phceiphide.  Silicoa 
Itfoii^e  cutit!un5  sUicon  instead  of  phospbonis^  Tin  amalgam  i&  used  to  coat  the 
bscki  of  mirrors 

Com|Kmnds, — Tin  forms  t^o  classes  of  compounds,  rarresponding 
to  the  dyad  and  tetrad  conditions  respectively.  Of  these^  the  most  im- 
portant arc  the  following: 

Compounds,  DwocrxoK, 

I            Chkmdm, - SnClr  SnC(^.             ■ 

I             Oxid^. --- SnO.  SnO^             I 

Hjiiroridc, ..,,-._,.„„.,Sn(OH)r  I 

Staimlc  add, .,„„ H^oO-         ^ 

I              Meia&tannkftddf......... H^^ng^Ot,^ 

Nitrates, .,-.,...-„.  -Sn{NOJ^  Sn(NOJ* 

Siaphatis,,,--.-- SnSO,.  Sn{SO^^ 

I             Sulplddea,.. ..........> ..SnS.  SnSy 

^        Of  these  compounds  the  most  important  Is  stannous  chloride, 

SnOj.     It  is  prepared  by  treating  lin^-ith  dn^  C!,or  distilhng  tin  with 

mercuric  chloride.    When  tin  is  dissolved  in  HCl  and  the  solution 

H  evaporated  and  cootedj  it  deposits  crystals  of  SnCl2.2H30.    These 

I  cr}*stils  dissolve  in  about  one-third   their  volume  of  water,  but  are 

I  decomposed  by  a  largp  quantityj  forming  the  oxychloride.    When  the 
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Hiese  t^o  products  are  then  strongly  heated  in  a  reverbcratoiy  furnace, 
irbeo  they  react  as  follows: 

iPhO  +  PbS  =  jPb  +  SO, 
and  PbSO,  +  PbS  «  2Pb  +  aSO,- 

If  the  galena  contains  much  silver,  this  is  separated  by  crystallization 
and  njpellation. 

Properties. — Lead  is  a  bluish-while  metal,  brilliant  upon  freshly 
rut  surfaces,  but  soon  tarnishes.  It  is  soft,  malleable,  and  pliable*  but 
noi  very  ductile.  Specific  gravity,  1 1.37.  It  fuses  at  334°  C,  (633"^  F.). 
It  is  a  poor  conductor  of  electricity,  but  a  better  conductor  of  heat 

\\"ben  exposed  to  the  air  it  oxidizes  slightly.  It  is  not  acted  upon 
by  pure  water  deprived  of  air,  but  by  the  contact  of  air  and  water  It 
cgddizes  to  the  hydroxide,  Pb(OH)2,  which  is  slightly  soluble  in  water. 
if  the  water  ajn  tains  carbon  dioxide,  carbonates,  or  sulpha tes*  very 
little  lead  goes  into  solution,  but  it  is  coated  with  an  insoluble  layer  of 
lead  carbcmate  or  sulphate.  If  the  carbon  dioxide  be  under  pressure, 
as  in  soda-water,  the  carbonate  formed  is  somewhat  soluble  in  the  water. 

The  solvent  action  of  water  upon  lead  is  increased,  however,  by 
the  presence  of  nitrates  and  nitrites.  These  facts  are  of  great  practical 
iniportance,  as  lead  pipes  are  ver>'  frequently  employed  (or  conducting 
potable  waters. 

Strong  sulphuric  and  hydrochloric  acids  have  but  little  effect  on  lead, 
especially  if  cold,  owing  to  the  insolubility  of  its  sulphate  and  chloride. 
Nitric  acid  dissolves  it  readily.  ZinCj  tin,  and  iron  precipitate  lead 
bom  its  solutions. 

There  are  several  useful  alloys  of  lead.  Alloyed  with  an  equal 
part  of  tin,  it  fuses  at  186^  C.  (366,8*^  F.),  and  is  used  for  soft  solder. 
Tvpe-metal  is  an  alloy  of  four  or  five  parts  of  lead  and  one  of  antimony ; 
the  proportions  vary  considerably. 

Lead  chloride,  PbClj,  separates  as  a  white  precipitate  when 
hydrochloric  acid  or  a  soluble  chloride  is  added  to  a  concentrated  solu- 
tion of  a  lead  salt.  It  is  nearly  ins^>luble  in  cold  water,  but  dissolves  in 
thirty  parts  of  hot  water,  fmm  which  solution  it  cr)-stalli;5es,  on  cooling, 
in  white,  shining  needles.  At  a  red  heat  it  fuses  to  a  hornlike  mass. 
Se^'eral  oxychlorides  are  also  known  which  are  used  as  yellow  pigments* 

Lead  iodide,  plumb!  iodidum  (U.  S.  P.,  Br.),  Pbl2,  is  precipi- 
tatal  from  lead  solutions  by  potassium  iodide  as  a  bright  yellow,  cr)*s- 
tatline  powder.  It  is  practically  insoluble  in  cold  water,  but  more 
SQluble  in  boiling  water,  from  which  it  cr^'stallizes,  on  cooling,  in 
beautiful,  gold-a4ored,  glistening  crystals.  An  ointment  of  this  salt 
is  official.  Exposed  to  Ught  and  moisture,  it  decomposes,  with  the 
liberation  of  iodine. 
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Lead  oxide,    protoxide,   massicot,  litharge,  plmnbi  oxiduni 

(IL  S.  P.,  Br.)^  PbO,  is  prepared  by  heating  lead,  its  carbMmate  or 
nitrate,  in  the  air.  Much  of  it  is  obtained  as  a  by-product,  in  the 
c3clraction  of  silver  imm  galena*  V\Tien  fused  ^  it  is  known  as  Utltaige; 
the  powder,  as  massicot.  The  former  is  a  reddish -yellow  or  brown 
mass  of  rhombic  scales;  the  latter  is  a  yellow,  amorphous  powder, 
differing  from  litharge  in  color  and  texture,  but  not  in  composition. 

Lead  oxide  has  strtmg  basic  pruperiies.  It  absorbs  carbon  dioxide 
from  the  air  and  imparts  an  alkaline  reaction  to  water,  in  which  it  dis- 
solves as  hyilroxide.  Like  other  strong  bases,  it  saponifies  fats  when 
heated  with  ihem,  to  form  lead  soaps,  or  lead  plaster.  It  dissolve 
readily  in  nitric  or  hut  acetic  acid,  with  the  formation  of  nitrate  or 
acetate  of  lead.  It  fuses  at  a  red  heat.  If  fused  in  an  earthen  cruci- 
ble, it  attacks  the  crucible  and  forms  a  silicate,  and  thus  j;>erforates 
the  crucible.  When  heated  to  300**  C,  {57 a'^  F.)  in  contact  with  air, 
it  is  slowly  oxidked  to  a  bright- red  powder,  minium,  or  red  lead, 

Pliunboso-plumbic  oxide,  minium^  red  lead>  Pb^O^,  or  2pb- 
O.PbOj,  is  prepared,  as  alreiidy  stated,  by  roasting  litharge  at  a  tem- 
pemlure  of  joo*^  C.  (572°  F,),  and  is  used  as  a  pigment  and  in  the 
manufacture  of  glass.  Ite  composition  is  prolmbly  ex]>ressed  by  the 
formula  Pb^O^,  or  as  the  lead  salt  of  plumbic  acid. 

It  is  a  brilliant  red  powder^  of  a  specific  gravity  of  8.6a,  WTien 
strongly  heated,  or  subjected  to  the  action  of  reducing  agents,  it  is 
concerted  into  htharge.  Nitric  acid  dissolves  the  monoxide,  leaving 
the  dioxide,  the  color  changing  to  brown. 

As  occurring  in  commerce,  it  b  frequently  contaminated  with 
oxides  of  iron  or  brrckdust.  It  should  dissolve  in  dilute  nitric  acid 
to  which  a  little  sugar  has  been  added. 

Lead  dioxide,  peroxide  of  lead,  puce  oxide  of  lead,  binoxide  of 
lead,  plumbic  anhydride,  PbOj,  may  be  prepared  by  dissolving 
the  monoxide  out  of  minium  with  dilute  nitric  acid,  or  by  the  action 
of  chlorine  upon  lead  carbonate  suspended  in  water. 

It  is  a  dark,  reddish -brown  powder,  insoluble  in  water;  sp.  gr., 
8.903  to  9.190.  Heat  drives  off  half  its  oxygen,  converting  it  into  the 
monoxide.     It  is  therefore^  when  heated,  a  ^'aluable  OAidizing  agent. 

Plumbic  acid,  H^PbO^,,  is  formed  as  crystalline  plates  at  tJae  positive 
electrode  J  when  alkaline  solutions  of  the  lead  salts  are  subjected  to 
electrolysis. 

Lead  dioxide  dissolves  in  strong  solutions  of  the  alkaline  hydroxides 
to  form  well-defined  but  unstable  plumbates.  Potassium  plum  hate 
may  be  obtained  in  cubic  crystals  by  dissolving  the  hydmxide  in  potas- 
sium hydroxide  and  cooling  the  solution.    It  is  decomposed  by  water. 
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Lead  nitimte,  pfannhi  nitxas  (T.  S.  P.)^  Pb(XO|>^  s  ubtsincd 
by  dissolving  lead  or  its  oxides  in  an  excess  cd  mtdc  ^r^ 

It  fonns  anhydrous,  ortahedral  cnstak,  sohibk  in  two  parts  of  water 
at  15®  C.  (59°  F.)  aind  0.7  part  at  icx)=*  C  {212^  F.j.  Ai  a  jed  beat  it 
m^ts,  and  is  decomposed  into  FbO,  XO^.  and  oxi-gen. 

Lead  suljAate,  PbSO^  ocxoirs  in  the  mineraJ  ■■*c^— ^"^  in  rbamhic 
crystals,  isomorphous  with  ^tttttti  su^jthate.  Ii  is  produaed  by  the 
double  decomposition  between  a  snlphate  and  a  salable  lead  «a.^ 

Pb(XO»),  +  XajSO^  =  PfaSO^  -  zS&SO^ 

It  is  insoluble  in  water,  but  readihr  sc^hibk  in  concentnaed  su^ihuric 
acid.     The  commercial  add  always  contains  il 

Lead  carbonate,  PbCO^  occurs  as  ueiMKiie,  PliuuM  car- 
bonas  (Br.)  has  the  composition  (PbCO  ^^I^i  OH j^  It  may  be 
produced  by  double  decx)in]X>sit]Qn  between  a  lead  sait  and  a 
soluble  carbonate,  or  by  pa.ssang  caibon  dioxide  throujdi  a  neutraJ 
solution  of  a  lead  salt.  White  lead,  a  bask  carbonate,  was  ioanerly 
prepared,  commercially,  by  treating  thin  sheets  of  lead  with  acetic  add 
aixl  then  exp>osing  the  acetate  to  carbon  dioxide. 

The  lead,  rolled  into  sheets,  i«  placed  in  eaLrtbtn  jars  romainmg  a  smsJi  guantin- 
of  vinegar  at  the  bottom,  but  not  in  contact  -writii  the  lead-  Great  nmnberE  of  the 
jars,  after  being  thus  chai^ged,  are  boned  in  stabie-manure  or  spent  tai>  bjark.  h} 
the  decomposition  of  the  bark  or  mamnr  considerable  carbcm  dicrxidtr  tLnri  beat  ere 
produced.  The  heat  voiatHizes  a  portian  of  the  vinegar,  wfcir  b,  artinp  uifOL  tfat 
lead,  produces  the  basic  acetate  PWC^.Oj^j  .  PVOH^y.  The  carbot  dioxide 
acts  upon  the  acetate,  and  cocrreits  it  into  a  bstsic  or  in-drocarbcxnaie  of  iead  hux  - 
ing  the  fonnula: 

(PbCOjijPb-OHv 

The  acetic  add  thus  set  free  acts  upon  a  fresh  portion  of  the  lead-  After  the  lapbe 
of  about  six  weeks  the  pile  is  taken  ocrvn,  the  sheets  are  taken  out,  and  the  carbonaie 
detached  from  them  by  passing  them  through  roliers  or  br  ymndinfL.  Tht  rnhh* 
pom-der  is  then  ground  with  oil  and  sent  into  the  market  at  white  lemd.'*  T7]i» 
process  is  now  modified  in  a  number  of  wars  by  patented  p/r'x.esi.ei- 

WTiite  lead  is  largdy  used  in  oil-piamtins,  forming  a  part  <A  aJJ 
but  the  darkest  colors.  As  it  is  poisonous,  and  is  darkened  by  the 
action  of  hydrogen  sulphide  in  the  atm<^»sphere,  it  is  a  I  pre-ient  being 
more  and  more  replaced  bv  zinc  white,  ZnO.  and  permanent  white, 
BaSO,. 

Lead  sulphide,  PbS,  occurs  in  the  mineral  galena.  It  is  pre- 
cipitated, as  a  black  powder,  frr»m  solutions  of  lead  salts  by  hydn/gen 
sulphide  or  by  alkaline  suiphydrates.  The  native  sulphide  is  bluLh- 
gray  and  has  a  metallic  luster.     Spedfic  gravity,  7.58.    The  sulphide 
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obUiined  by  precipitation  hiis  a  sp*  gr.  of  6.924.  It  is  insoluble  in 
dilute  acids. 

Lead  acetate,  salt  of  satum,  sugar  of  lead,  plumbi  acttas 

(U.  S.  P,,  Br),  PbCCjHpjlj ,  sH^O,  i^  prepami  by  dbsolving  lilharg^ 
in  acedc  acid;  or  by  exjx>sing  lead  to  the  action  of  acetic  acid  aod 
air,  evaporating,  and  cr)'siallizing.  It  forras  large,  oblique^  rhombic 
prisms,  having  a  sweetish,  meullic  taste.  It  dissolves  in  a.3  parts  of 
water  at  15°  C.  (59*^  V.),  and  in  21  parts  of  alcohol,  forming  solutions 
which  have  ati  acid  reaction  upon  test'imi:>er.  On  exposure  to  the  air 
the  cr)'sta!s  effloresce  u|3ori  the  surface  and  are  partly  converted  into 
carbonate.  Several  subacetates,  or  basic  acetates,  are  known. 
The  only  one  of  these  re<:iuiring  mention  is  iJiat  having  the  fomiub 
Pb^O(CJl30j)3.  This  k  the  chief  constituent  of  liquor  plumb! 
subaeetatis  (U.  S.  P,,  Br),  or  Goulard *s  extract,  which  h  obta^ined 
by  boiling  a  st:>lulion  of  the  neutral  acetate  with  lead  monoxide  in  fine 
powden  When  exposed  to  the  air,  this  solution  absorbs  COj  and  be- 
comes milky  from  the  formation  of  lead  carbonate. 

Lead  chrooiate,  PbCrO^,  is  formed  by  precipitating  lead  nitiate 
or  acetate  with  potassium  chromate, 

Pb^NOJ,  +  K^CrO^  -  PbCrO^  +  aKNO^ 

It  is  used  as  a  pigment,  under  the  name  of  chrome  yellow-  Re- 
cently its  fraudulent  use  as  an  artificial  coloring  agent  in  manufactured 
ft>od-prtxlucts  has  Ijeen  discovered.  It  is  insoluble  in  water,  but  solu- 
ble in  strong  alkalies. 

Poisonous  Action  of  Lead« — All  of  the  compounds  of  lead 
tiiat  are  soluble,  and  those  thai  are  themselves  insoluble,  but  that  are 
readily  convertible  into  soluble  comp<>uods  by  the  action  of  air,  water,  or 
the  digestive  fluids,  are  poisonous. 

Acute  lcad-p<iis()ning  is  comparatively  rare,  and  is  not  often  fatal. 
It  is  generally  caused  by  the  ingestion  of  a  single  large  dose  of  the 
acetate,  sulKicetate,  carbonate,  or  red  lead. 

When  it  occurs  magnesium  sulphate  should  be  given,  as  it  forms 
with  it  an  instil ubk*  lead  suljthale. 

If  the  metal  lie  once  absf>rbed,  it  is  eUminated  slowh%  as  it  tends 
to  become  fixed  by  combination  with  the  pn>teids  of  the  body.  This 
compound  is  rendered  soluble  by  potassium  iodide.  It  is  eliminated  by 
the  urinCj  perspiratron,  and  bile. 

The  chronic  form  of  lead -poisoning,  painters'  colic,  is  very  com- 
mon, and  is  produced  by  the  continuous  absorption  of  small  quantities 
of  the  meliil  or  its  compounds,  either  by  the  skin^  the  lun^,  or  the 
stomach.  Although  metallic  loiid  is  inert,  its  absorption  will  cause 
symptoms  of  jioisoning  from  its  being  converted  within  the  body  into 
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pmsonotjs  compounds.  Some  of  the  methods  by  which  it  may  be 
inlroduccd  arc:  the  drinking  of  water  that  has  been  in  contact  with  the 
iDdal;  the  use  of  food,  tobacco,  etc.,  that  has  been  wrapped  in  tin-foil 
CDHtaining  l^d;  the  drinking  of  beer  or  other  beverages  that  have 
been  kept  in  pewter  vessels;  and  the  handling  of  the  metal,  its  salts, 
or  Its  Mays  by  artisans.  Almost  ail  of  the  commoner  compounds  of 
hskd  may  give  rise  to  chronic  poisoning.  Probably  the  carbonate  is  the 
cattse  of  more  c^ses  in  painters,  artists^  manufacturers  of  paint,  and 
posois  sleeping  in  freely  painted  apartnaents  than  any  other  lead 
cofTipouiid. 

Oo  account  of  the  many  ways  in  which  it  maybe  introduced,  great 
nu]tj;aa  b  necessary  in  drawing  conclusions  from  traces  of  lead  found 
in  the  body  after  death. 

CERIUM- 

C«rittm  is  a  somewhat  rare  metal  found  in  a  number  of  minerals 
iu  a  silicate^  more  especially  in  cerite.  The  element  may  be  obtained 
by  the  electrcJysb  of  cerous  chloride.  It  resembles  irtm  In  most  of 
its  physic^  properties.  Like  iron,  it  forms  two  series  of  compounds. 
Cerium  omlate,  cerii  oxalas  (U.  S.  P.,  Br.),  CejCCjO J,  +  9H3O, 
used  in  medicine  and  is  prepared  by  precipitating  cerous  chloride 
anrnionium  oxalate.  It  is  a  white  powder,  permanent  in  the  air, 
tasteless,  insoluble  in  water  or  alcohol,  but  stiluble  in  hydro- 
chloric acid.  On  heating  the  salt  it  decomposesi  leaving  a  reddish- 
How  residue  of  Ce^Oj. 
The  remaimng  metals  of  Group  IV  are  tit^mium,  zirconium, 

ti»orium.     Of  these,  none  have  found  use  in  medicine. 
The  oxide  of  thorium  mixed  with  about  one  per  cent,  of  Ce^O,  is  u'led 
10  mske  the  mantles  used  in  the  Wckbach  incandescent  gas-light, 
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THE  GENER^\L  PROPERTIES  OF  THE  METALS. 

EjEcept  mercur>%  the  metals  are  all  solid  at  ordinary'  temperatures. 
Mercui}^  wlidifies  at  —39°  C.  (— ro2°  F.)  and  boils  at  360^  C,  (680^  F.)- 

The  meuds  are  opaque,  except  in  very  thin  sheets;  they  generally 
tii%T,  when  unoxidistedp  a  shining  surface  called  a  metallic  luster.  The 
most  of  ihcm  are  more  or  less  ciystalUnc  in  structure,  and  ductile  at 
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some  temperature.  They  are  generally  electropositive  and  combine  with 
the  electronegative  elements,  or  groups,  to  form  salts.  When  finely 
powdered  they  are  mostly  dark  gray  or  black  in  color.  The  specific 
gravity  varies  greatly,  from  0.59  (lithium)  to  22.5  (osmium).  They 
vary  also  in  hardness  and  melting  point.  As  a  class,  the  metals  are 
good  conductors  of  heat  and  electricity.  Silver  is  the  best  conductor  of 
both  heat  and  electricity,  with  copper  second  in  this  respect  The 
metals  are  generally  attacked  by  nitric  acid  and  form  nitrates.  The 
exceptions  are  Al,  Au,  and  Pt.  Sb  and  Sn  do  not  dissolve  nor  form 
nitrates,  but  are  oxidized  into  antimonic  and  metastannic  acids,  respect- 
ively.   They  thus  behave  like  the  non-metals,  rather  than  the  metals. 

All  the  metals,  either  directly  or  indirectly,  combine  with  chlorine 
to  form  chlorides.  All  form  fluorides  and  oxides  and  most  of  them 
sulphides.  The  most  of  the  metals  tarnish  in  the  air,  except  Au,  Ag,  Pt, 
Hg,  Pd,  Rh,  Ru,  Os,  and  Ir. 

The  metals  of  the  alkalies  and  alkaline  earths  decompose  water, 
combining  with  the  oxygen  and  set  free  the  hydrogen. 

Many  of  the  other  metals  decompose  water  at  higher  temperatures 
only. 

The  metals  when  fused  together  generally  form  alloys.  Alloys  are 
generally  harder  than  the  components,  and  generally  melt  at  a  lower 
temperature  thafn  either  of  the  components.  The  properties  of  alloys 
are  generally  different  from  those  of  the  constituents. 

Amalgams  are  alloys  of  mercury  with  other  metab.  Alloys  of 
mercur}'  and  another  alloy  are  called  amalgam-alloys. 

Dental  amalgam-alloy  is  usually  composed  of  silver,  tin,  and  mer- 
cury. 

The  action  of  the  metals  on  the  human  body  is  generally  slight 
unless  oxidized  or  converted  into  the  salts  or  compounds  of  the  metal. 
The  comjwunds  of  any  metal  owe  their  action  chiefly  to  the  metal,  in 
most  cases,  rather  than  to  the  electronegative  part  of  the  molecule, 
though  there  are  exceptions  to  this.  The  iodides,  bromides,  cyanides, 
arsenites,  arsenates,  and  fluorides  are  exceptions.  The  toxicity  of 
metals  in  a  group  varies  with  their  atomic  weights.  Most  of  the  heavy 
metals  probably  form  albuminates  in  the  body,  either  before  or  after 
absorption. 
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GROUP  K— THE  ALKALI  METALS. 

1-  Lithitmi, .--_.-.,  7,03    4.  Rubidium, _„  85*5 

3*  Sodium,...,. ,-,,.23,05    5.  Cesiuin^ -....-,,132^9 

3.  Potassium,. -  *  39- 1 S    6.  1  Ammonium) ,  NK^  «         18.07 

The  metals  of  this  group  present  a  great  similarity  in  their  chemical 
and  physical  properties.  When  exposed  to  the  air,  they  all  readily 
oziciise.  They  decompose  water  violently,  with  the  formatfon  of  strong 
tnsic  hydmxides  which  dissolve  in  the  excess  of  water.  The  hydroxides 
llltis  formed  are  called  caustic  alkalies  (caustic  potash,  caustic  soda); 
heoce  the  name  alkali  metal  Nearly  all  of  the  salts  of  these  metals  are 
solobk,  aod  most  of  them,  when  In  solution,  turn  red  litmus  blue^ 
i  e-,  they  give  an  alkaline  reaction.  They  form  but  one  chloride, 
icNJide,  and  one  bromide. 

LITHIUM. 

Lithium  occurs  widely  distributed  in  nature,  but  in  small  quantities. 
It  is  found  ID  some  mineral  springs  and  in  the  ashes  of  many  plants, 
chiefly  that  of  tobacco  and  beet.  It  is  usually  obtained  by  separating 
it  torn  its  chloride  by  electrolysis.  It  is  silver- white  in  color  and 
^  ilccomposes  water  at  ordinar}'  tem|>eratures.  It  is  the  lightest  of  the 
■■■K riements,  and  floats  upon  naphtha.  Specific  gravity,  0.5 S9.  It 
^^^^pai  iSo**  C.  (356"^  F,)  and  burns  in  air  with  an  intense  red  light. 
^^P^^lts  closely  resemfjle  those  of  sodium. 

^»  Ltttiium  cbloridef  LiCI,  cr>stallLzes  at  ordinary  temperatures  in 
regular,  anhydrous  octahedra;  below  10°  C.  {50^  F.),  however,  with 
two  molecules  of  water.  It  is  %^ery  deliquescent- 
Lithium  bromide,  lithii  bromidum  (U.  S.  P.),  LiBr,  is  obtained 
by  decotnposing  lithium  sulphate  vvitli  potassium  bromide,  or  by 
nmtnUising  a  stjlutiim  uf  hydrobromic  acid  with  lithium  carbonate. 
It  crys|aJlii;es  in  deliquescent  needles.  Soluble  in  0.6  part  of  water  at 
i^  C  (59**  F.)  and  0,3  part  of  boiling  water,  Ver\^  soluble  in  alcohol 
and  ether. 

LtthiuJii  oxide,  LijO.  is  a  white  solid  formed  by  burning  lithium 

diy  oxygen.    It  slowly  dissolves  i  n  water,  farming  the  hydroxide  LiOH. 

Lithuim  carbonate,  lithii  carbonas  (U,  S.  P.,  Bn)i  Li^COj, 

obttined  by  fusing  a  native  silicate  called  lepidolite  with  barium 

lolphale  and  carbonate  and  potassium  sulphate.     It  is  then  extracted 

widi  water  and  precipitated  with  sodium  carlx>nate.     It  is  a  white, 

odofiga  powder  of  a  strongly  alkaline  taste,  soluble  in  So  parts  of  water 
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at  15^  C,  (59°  F.),  and  in  diluted  adds  witli  copious  effervescence.     It^ 
reads  readily  with  uric  add^  forming  a  soluble  Uthjuin  luaie.     This 
property  renders  it  of  value  in  preventing  the  deposit  of  uric  add  in  gout. 

LitJaii  ben^oas  (U.  S,  F,),  liC^HjO^^  is  a  light,  white  powder 
bairtJig  a  faint  benzotn-like  odor  and  a  sweetish  taste.  It  is  soluble  in 
4  parts  of  water  and  in  13  parts  of  alcohol  Its  aqueous  ^lution  has 
a  faintly  acid  reaaion  upon  litmus  paper. 

Lithium  citrate,  lithii  citras  (U.  S.  P.,  Br.),  UJC^HjOj,  is  a  white, 
odorless,  deliquescent  powder,  readily  soluble  in  water,  almost  in- 
soluble in  alcohol.  It  is  made  by  double  decomposition  between  LijCO^ 
and  citric  add. 

Lithii  citras  effervescens  contains  5  per  cent  of  LijQH^O^,  57 
<^at.  of  HXaCO^.  30  per  cent,  of  tartaric  acid,  and  19,5  per  cenL 

of  citric  acid.     It  is  a  white,  granular  powder. 

Lithium  salicylate,  Lithii  salicylas  (U.  S,  P.),  LiC^H.O,,  is  marie 

by  double  decomposition  between  lithium  carbonate  and  salicylic  add. 

LijCO,  +  2HQH,0,  -  2LiC,H,0,  +  CO,  +  Hp. 

A  white,  deliquescent,  odorless  powder  having  a  sweetish  taste.  It 
is  very  soluble  in  water  and  akohoL 
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SODIUM  (iratrium). 

Occurrence. — This  metal  occurs  widely  distributed,  being  fouTkl 
in  sea -water  and  in  rock-salt,  as  the  chloride,  in  many  native  silicates, 
and  also  us  borax  and  Glauber's  salt. 

Preparatioa. — It  was  formerly  obtained  by  a  process  which  de- 
[tends  U[x>n  the  rt^tluction  of  the  carbonate  by  carbon.  An  intimate 
mixture  of  the  two  substances  was  prepared  by  charring  the  tartrate 
of  sodium  in  an  iron  retort.  The  temperature  was  then  raised  to  red- 
ncSvS  when  the  sodium  was  reduced,  distilled  off^  and  condensed  in 
flattened  receivers. 

Na^CO,  +  C,  -  Na,  +  3CO. 

It  is  manufactured  by  heating  sodium  hydroxide  to  about  800^ 
C\  (1473^  P.)  with  iron  carbide,  when  the  sodium  distils  over  and  is 
condensed* 

6NaOH  +  FcC,  =  jNa^COi  +  Fc  +  3H,  +  Nay 

It  h  mnv  generally  prepared  by  the  electrolytic  decomposition  ol 

sodium  hydroxide* 

The  Nttj  and  H,  appear  at  the  cathode  and  Oj  at  the  anode. 
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Properties- — Sodium  is  a  soft,  silver-white  metaJ.  On  exposure  to 
the  air  it  becomes  sJowly  coaled  with  a  brownish-yellow  layer,  aod  should 
be  kept  under  naphtha,  ll  fuses  at  95,6°  C.  {204^  F.),  and  voblilizes 
at  about  900^  C,  the  vapor  burning  with  a  bright  yellow  flaine.  Specific 
gravity^  0-97  2,  It  is  characterized  by  its  affinity  for  oxygen,  decompos- 
ing water  at  ordinary  temperatums^  Liberating  hydrogen,  and  forming 
sodium  hydroxide,  NaOH. 

The  mokcule  is  believed  lo  be  mon*atomic 


HALOm  SALTS. 

Soditun  cbioride,  common  salt,  sodii  chloridimi  (U.  S.  P,, 
Br,),  NaCl,  is  found  very  abundant  in  nature.  It  is  deposited,  in  the 
solid  form,  as  rock-sah,  in  ahnost  aU  parts  of  the  globe.  It  is  found, 
in  solution,  in  all  natural  waters,  and  to  the  extent  of  2,7  to  3.2  per 
cent,  in  sea-water*  It  also  exists  in  most  animal  and  vegetable  tissues. 
Il  is  formed  in  a  great  number  of  chemical  reactions.  lis  most  im- 
portant  source  is  tiie_deposii^4>f-rock-sak,  from  which  it  is  mined; 
il  is  also  obtained  by  the  evaporation  of  sea- water  or  saUnc  spring- 
waters.  It  cnstallizeis  from  water  in  translucent  cubes.  It  fuses  at  a 
fed  heat  and  volatilizes  at  a  white  heat.  Hot  water  dissolves  but  little 
more  than  cold :  100  parts  of  water  at  0°  C*  (32*^  F.)  dissolve  56  parts  of 
the  sahj  and  at  loo*'  C  (212^  F.)  39  parts.  A  saturated  $*>lution, 
ihereforej  contains  thirty-six  per  cent,  sodium  chloride.  The  ice 
obtained  from  dilute  solutions  is  nearly  free  from  NaCL  On  account 
of  a  slight  admixture  of  magnesium  salts,  most  specimens  of  a>mmon 
sah  will  deliquesce.     The  perfectly  piire  salt  is  not  hygroscopic. 

Sodium  bromide^  sodii  bromidum  (i\  S.  P.,  Br.),  NaBr,  is 
formed,  togctlier  with  sodium  h)pobn>mite,  by  the  ac^on  of  bromine 
upon  a  cold  solution  of  sodium  hydroxide. 

jBr,  +  6NaOH  -  sNaBr  +  NaBrO,+  3H4O. 

The  h}*pobromite  is  converted  into  bromate  upon  evaporating  the  solu- 
tkm  to  dryness. 

The  mixture  of  NaBr  and  NaBrO,  is  then  heated  with  charcoal, 
which  con%'erts  the  NaBrO,  into  NaBr. 

SNaBr  +  NaErO,  +  3C  -  6NaBr  +  3CO, 

Il  rrystallizes  in  anhydrous  cubes,  and  is  soluble  in  1*13  parts  of 
water  at  20^  C.  (68^  F.),  and  in  0.5  at  100°  C  {212°  ¥.).  It  contains 
77.67  per  cent,  of  bromine. 
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Sodium  iodide,  sodii  iodidum  (U.  S.  P.,  Br.),  Nal,  is  made 
by  the  action  of  iodine  upon  a  hot  solution  of  sodium  hydroxide. 
3I,  +  6NaOH  =  sNal  +  NalO,  +  jH^O. 

The  solution  is  evaporated,  and  the  salts  are  then  heated  in  contact 
with  charcoal,  and  the  NalO,  reduced  to  Nal. 

SNal  +  NalO,  +  3C  =  6NaI  +  3CO. 

It  crystallizes  in  cubes  without  water,  and  is  soluble  in  0.56  part  of 
water  at  20°  C.  (68°  F.),  and  in  0.32  at  100°  C.  (212*^  F.).  It  contains 
84.66  per  cent,  of  iodine. 

SODIUM  aud  oxygen. 

Oxides.—Two  are  known— Na,0  and  Na,0,.  The  first  of 
these  is  a  white  powder,  formed  by  the  oxidation  of  the  metal  in  dry 
air.  It  is  very  deliquescent,  soon  liquefying  in  air.  The  peroxide, 
Na^Oj,  is  a  grayish-white  mass,  obtained  by  heating  sodium  in  a  Qirrent 
of  ox>'gen  until  no  more  oxygen  is  absorbed.  They  both  unite  with 
water  with  great  energy. 

Soditim  peroxide  has  recently  come  into  use  as  a  bleaching  and 
oxidizing  agent.  It  contains  about  twenty  per  cent,  of  available  oxygen. 
When  thrown  into  water,  sodium  hydroxide  and  oxygen  are  produced. 

2Na,0,  +  2H20=  4NaOH  +  O,. 

When  thrown  into  a  solution  of  a  dilute  acid,  hydrogen  dioxide  is 
produced. 

Na^Oj  4-  2HCI  =  2NaCl  +  H,0,. 

It  is  employed  as  an  oxidizing  agent  in  the  laboratory,  and  occa- 
sionally in  add  solutions  as  a  disinfectant. 

Sodium  hydroxide,  sodium  hydrate,  caustic  soda,  sodii  hydrozi- 
dmn  (U.  S.  P.),  soda  caustica  (Br.),  NaOH,  is  usually  obtained  by 
boiling  a  solution  of  sodium  carbonate  with  calcium  hydroxide. 

Na,CO,  4-  Ca(OH),  =  CaCO,  4-  2NaOH. 

The  resulting  solution,  after  filtering,  is  evaporated  to  dryness,  dis- 
solved in  alcohol,  again  evaporated,  fused  in  a  silver  vessel,  and  cast 
into  sticks.  This  product  is  usually  labeled  caustic  soda,  by  alcohol. 
It  is  a  white,  opaque,  brittle,  crjstalline  mass,  or  in  dr>',  white  pencils, 
fusing  below  redness;  sp.  gr.,  2.00.  It  dissolves  readily  in  water,  the 
solution  being  known  as  soda-lye  in  the  arts,  and  in  pharmacy  as 
liquor  sodii  hydroxidi  (sp.  gr.  of  the  latter,  1.056).  This  solution 
attacks  glass;   hence  the  necks  and  stoppers  of  bottles  containing  it 


I  sbotJd  be  coaled  with  paraffin.  When  exposed  to  the  air,  sodium 
I  hjpdiQxiAe  auract5  water  and  carbon  dio^dde,  Uqtiefles^  and  is  converted 
H    iMo  die  carbonate. 

I  SALTS  OF  SODroM,  I 

I  Sodium  sulphate,  neutral  sodium  sulphate^  Glauber's  salt, 
I  sodii  sulphas  (U:  S.  P.,  Br.),  NaiSO,.ioH30,  occurs  native  in  deposits; 
I  iho  in  solution  in  mineral  waters.  It  is  a  by-product  in  the  manu- 
'    ^cture  of  sodium  chloride  from  sea-waier  and  brine,  and  in  several 

manufacturing  industries.    It  is  prepared   by   the  decomposition  of 

CDmmon  salt  with  sulphuric  add. 

2NaCl  +  Il^O,  -  NV^O,  +  3HCI, 

1      Sodium  sulphate  crystallines,  at  ordinary  temperatures,  with  ten 

nolectiles  of  water,  in  large,  colorless,  monoclinic  prisms,  which  ef- 

rloit^ce  in  the  air,  losing  all  of  their  water.     If  heated  to  33°  C.  (91-4"^ 

F-),  ihey  liquefy  in  their  own  water  of  crj'slallization,  and  at  higher 

temperatures  become  anhydrous.    At  12*^  C.  (536^  F.)  crystals  may 

be  ot>tained  having  the  formula  Na2SO,.7HjO. 

Tlie  following  timous  action  of  ihe  solutjoa  of  Glauber's  salt  may  also  be  no- 
tictsd:  If  tbe  solution*  saturated  at  33^  C.  (g  i  ,4*^  F,),  he  cooled  down  to  the  ordinary 
lempetrnttirc,  ftfid  creii  far  below,  no  scpanition  of  crystals  occurs,  although  Ike  salt 
k  wtTf  much  h$&  soluble  at  lower  temperaturt's  than  at  33*^  C,  (Q  i  *4*^  F-)-  This  for- 
WMitinn  of  m  mp^iattiimtod  solution  is  common  to  many  Kalts,  though  not  to  so 
iiMffffrf4  A  degf^t  MS  in  the  case  of  G  lauber's  sak.  This  supcrsatuniied  s^iludon  may 
be«|^a<ctlt  and  still  no  ciy^taJs  forna.  But,  if  it  be  gently  touched  with  a  glass  rod 
or  some  other  solid  body,  the  entire  mass  will  at  once  become  crystallized. 

Hydrogen  sodium   sulphate,  acid  soditim   sulphate^  sodium 

bisill|dLftte,  XaHSO^,  is  obtained  by  the  action  of  an  excess  of  sul- 
pbiufc  acid  upon  sodium  sulphate  or  sodium  chloride* 

NaCI  +  HjSO^  -  NaHSO^  +  HCl. 

It  oyst^lUzes  in  long,  foursided  prisms.    It  fuses  readily^  and  at 
ler  temperatures  loses  water  and  is  con\'erted  into  the  pyrosulphate, 
ijS^Oj,     It  is  ven^  soluble  in  water,  giving  an  acid  .solution. 
Sodium  thiosuiphate,  sodium  hyposulphite,  sodil  thiosulphas 
(V.  S.  P.),  Na|3303.5HjOj   is  prepared  by  boiling  the  sulphite  with 
Iphur. 

Na^O,  +  S  -  Na^jOr 

Sodium  thiosulphate  forms  large  monoclinic  prisms,  which  contain 
mofecules  of  water,  and  is  slightly  deliquescent  in  the  air.     It  is 

"  as  a  reducing  agent,  decolorizing  an  iodine  solution,  with  the  for- 
on  of  sulphuric  add  and  sodium  iodide* 

Sodium  sulphite,  sodii  sulphis  (U,  S.  P.,  Br.},  NajSOi^yHjO, 


2l6 


MEIHCAL  CHOaSTRV. 


is  prepared  hy  saiumting  one-half  of  a  solution  of  Na^CO,  with  sul- 
phumus  ojddc,  and  adding  the  oth^  half.  The  SO,  converts  the 
(^rbanate  into  the  h ydrogeii  sodJum  sulphite, 

Na^O,  ^  Hfi  4-  :tSO,  *  sNaHSO^  +  CO3. 

This  sah  reacts  with  sodittm  carbonate  to  produce  the  sulphite. 
jHNaSO,  +  Na,CO,  ^  aXa^O,  +  H,0  +  COj. 

Sodium  hisulphite,  sodH  hisulphis  (U.  S.  P.),  HNaSO,,  is 
made  by  saiumting  a  solution  of  sodium  i^jijotrnte  willi  SOj,  evaporat- 
ing and  cr>^staliizing, 

Soditim  carbonate,  soda,  neutral  carbonate  of  soda,  sal  soda^ 
washing  soda,  sodii  carbonas  (l\  S.  R,  Br.},  Nu^COa^ioHjCX 
is  tlie  most  imfx>nant  of  the  sodium  compounds  for  industrial  purjxjses. 
It  occurs  abundantly  in  nature,  in  the  so-called  sodium  seas  (in  Eg>T>t^ 
and  the  Caspian  Sea),  and  is  contained  in  the  ashes  of  many  sea-plants, 
chiefly  the  atgee.     It  is  manufactured  by  a  number  of  processes: 

1,  The  principal  supply  is  sodium  ddoride,  from  which  it  is  manu- 
factured accortiing  to  a  method  devised  by  Le  Blanc  in  iSoS.  By  this 
method  the  sodium  chloride  is  first  converted  into  the  sulphate  by  warm- 
ing with  sulphuric  add,  dried,  mixed  with  charcoal  and  calcium  carboo- 
ale,  and  strongly  heated.  The  carbon  reduces  the  sodium  sulphate  to 
fiuljihitlt^  when  the  sodium  sulphide  and  calcium  carbonate  react  to  form 
caltkiin  sulphide  and  sodium  carbonate.  This  Is  known  as  the  soda 
a&h  process. 

2.  Of  lute  years  another  process,  known  as  SolTay's,  or  the  am- 
monia mutlKMl,hus  largely  replaced  that  of  Le  Blanc*  In  thb  process  a 
»trtmg  !5rfjlutit>n  of  sodium  chloride  is  treated  with  ammonium  carbonate.  ^ 

NaCl  +  NH^HCO,  -  NaHCO,  +  NH.CL  | 

There  is  formed  the  sparingly  soluble  sodium  bicarbonate  and   the 
freely  Ht^luble  ammonium  chloride.     The  sodium  bicarbonate,  which  _ 
rry!*talli^eH  nut^  is  then  converted  into  the  carixmate  by  heat.  ■ 

5.  The  carbonate  is  also  largely  made  by  the  cryoUta  process.  ■ 
Cryolite  U  a  mineral  found  in  great  abundance  in  Greenland,    li  is  a 
duuble  llunride  of  alnmimim  and  sodium  (NaF)3.AljF(,, 

This  iH  heated  with  lime/CaO,  w^hidi  decomposes  it,  forming  cal- 
( ium  Hmuule  and  illuminate  of  sodium. 

The  aUiiTiinate  of  sodium  is  then  dissolved  out  with  water  and  carboa' 
lltcudde  pisse<l  through  the  sulutlon. 

'rh«5  Alj(t)H)^  is  inmiluljle  and  se}>a  rates,  while  the  sodium  carbon- 
4\Uion  ija  evapwruteil  and  irystalliited. 
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4.  The  eledroljTtic  process  is  also  employed  to  some  extent.  This 
mmsi&  in  the  electrolysis  of  an  aqueous  solutioa  of  NaCL  The  anode 
KCTomposol  of  retort  carbon  and  tbe  cathode  of  iron.  The  sodium 
bjxtexide  generated  is  converted  into  the  carbonate  by  treatment  of  the 
»fuyon  with  carbon  dioxide.    The  reactions  of  the  process  are  as 

K  aNaCl  -*  CI,  +  Na^ 

3.  iKaOH  +  COj  =  Na,CO^ 

At  ordinarv*  temperatures  sodium  carbonate  cr^-stallizes  in  large 
diombic  crystals  aintaining  ten  molecules  uf  water,  which  effloresce  in 
dry  air.  It  is  soluble  in  water  most  freely  at  ^B^  C,  (100*4°  F.),  Its 
solutions  have  an  alkaline  reaction,  Wlaen  the  crystals  are  calcined 
ai  a  duU  red  heat  they  disintegrate,  give  off  their  water  of  cjy^stalliza- 
lion.  and  form  a  white  powder,  the  sodii  carbonas  exsiccata  of  the 
U.  S.  P-,  Br.  One  hundred  parts  of  H3O  dissolve  ro  parts  of  this 
lydrous carbonate  at  o""  C.  {33^  F.),and  138  parts  at  3S''  C  (100.4'^  F,)- 
Hydrogen  sodium  carbonate,  acid  sodium  carbonate,  sodium 
bicarbonate,  sodii  bicarbonas  (U.  S.  P.,  Br),  NallCOj,  is  found  in 
many  mineral  waters*  It  is  prixluced  by  the  ammonia  process  descriljed 
above,  and  by  the  action  of  carbon  dioxide  upon  sodium  carbonate, 
NXCO,  +  CO,  +  H,0  =  jNaHCOj, 

It  fofms  small,  rectangular  prisms,  which  are  anhydrous,  but  dissol\'e 
in  ten  or  elevnen  parts  of  water.  Its  solutions  are  nearly  neutral  to 
lest-pftper>  By  heating  the  solid,  or  boiling  its  solutions,  it  gives  off 
Cirbon  dioxide  and  is  converted  into  the  carbonate. 

Sodium  Phosphates, — These  are  three  in  number*  They  are 
less  ^luble  and  cr>^stallize  more  easily  than  the  potassium  salts  of 
phosphoric  add. 

The  tri-sodium  phosphate,  or  basic  phosphate,  NajPO^.iiHjO,  is 
made  by  saturating  one  molecule  of  phosphoric  acid  with  three  mole- 
cules of  sodium  hydroxide.     It  cr^^stallizes  in  six-sided  prisms,  and 

soluble  in  5,1  parts  of  water  at  15,5°  C  (59.9"^  F,)-  Its  solution 
line  to  test-paper. 

Hydrogen  disoditim  phosphate,  disodium  phosphate,  neu- 
tral sodium  phosphate  J  sodii  phosphas  (U,  S.  P.,  Br*),  NajHPO^,' 
12H/J,  h  more  stable  than  the  other  phosphates,  and  is  the  one  gen- 
erally employed  in  medicine  and  in  laboratories*  It  may  l>e  prepared 
by  treating  phosphoric  acid  with  sodium  hydroxide  to  feeble  alkahne 
icaction.  Below  30*^  C,  (86°  F.)  11  cr>'i^tuili2es  in  large,  rhombic  prisms 
with  II  aq.;  at  35^  C.  (91,4"^  F,)  it  cr>*stallizes  with  7  aq.  The  salt 
with  12  aq.  effloresces  in  air^  losing  5  aq*;  that  with  7  aq.  does  not, 
Bath  are  freely  soluble  in  water  and  show  a  faintly  alkaline  reaction. 
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Liquor  sodli  phosphatis  comp.  is  a  clear  solution  contaming  ioq 
per  cent,  of  HNa^O^  ,  HjO,  4  per  cent,  of  NaNO,,  and  13  per  cent 
of  citric  acid. 

Sodii  phosphas  effervescens  is  ofidal  In  the  B,  P. 

Monosodium  phosphate,  acid  sodium  phosphate,  NaH^O*,- 
^HjO,  cr>'staili2es  in  rhombic  prisms  with  one  mukcule  of  water  and  is 
icid  in  reaction.  At  100^  C*  (212^  F.)  it  loses  its  water  of  cr>'stal* 
liziition,  and  at  about  250^  C.  {482°  F*)  forms  sodium  pyrophos- 
phate, sodii  pyrophosphas  (U.  S.  P.),  Na^P^O^.  loH^O,  It  CHZcurs 
as  colorless,  translucent  prisms,  permanent  in  the  air,  and  having  a 
slightly  alkiiline  reaction.  It  is  soluble  in  twelve  parts  of  whaler  and 
ins<)Iuble  in  alcohol  Wlien  NaHjPO^  is  heated  it  forms  at  first  the 
acid  pyrophosphate : 

aNaH^PO,  -  Na^H^pi  +  H,0. 

WTien  heated  to  a  bright  red  heal  the  metaphosphata,  NaPOj^  is 
formed* 

NaH^O*  =  NaPO,  +  H^O. 

The  pyrophosphates  are  not  precipitated  by  ammonium  molybdates, 
but  are  precipitated  by  uranium  acetate. 

Sodium  nitrate,  Chili  saltpeter,  sodii  nitras  (U.  S.  P.),  NaNO^, 
is  found  native  in  extensive  tleposits  in  Peru  and  Chili.  It  crystallines 
in  rhombohedra,  which  closely  resemble  cubes;  hence,  it  is  called 
cubic  saltpeter.  It  is  deliquescent,  and  is,  therefore,  not  adapted 
for  the  manufacture  of  gunpowder.  It  has  a  cooOng,  saiine,  some- 
what bitter  taste.  It  is  more  readily  soluble  in  water  than  potassium 
nitrate^  w^hich,  in  other  respects,  it  quite  closely  resembles.  It  is  used 
in  the  manufacture  of  nitric  acid^  and  also  as  a  fertili^zer. 

Sodium  Borates. — Six  are  known-  The  only  one  of  importance 
is  the  disodium  tetraborate,  sodium  pyroborate,  borax,  tincali 
sodii  boras  (U.  S.  P.),  Na^B^O^ .  loH^O,  which  is  found  native  in 
some  of  the  lakes  of  Thibet^  from  which  country  it  was  formerly  im- 
ported.   The  principal  source  now  is  the  borax  lake  in  California. 

It  may  be  prepared  artificially  by  boiling  boric  add  with  sodium 
carbonate.  Boric  acid  is  found  in  the  lagoons  of  Tuscany,  This  is 
its  present  source.  Borax  crj^stallizes  in  large,  hexagonal  prisms, 
with  ten  molecules  of  HjO,  or  in  regular  octahedra  with  5HjO,  The 
former  variety  effloresces  in  dr}-  air;  the  latter  is  |?ermanent.  Both 
dissolve  in  sixteen  parts  of  cold  and  0.5  part  of  boiling  water ^  forming 
a  solution  that  has  a  feebly  alkaline  reaction.  Upon  heating,  both  salts 
puff  up  considerably,  lose  their  water ,  and  form  a  white,  porous  mass 
(burned  borax),  which  finally  fuses  to  a  transparent  glass.  In  the 
fused  state  it  will  dissolve  many  metallic  oxides,  forming  clear  glasses, 
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vHicb  often  show  a  characteristic  color  on  cooling;  thus,  copfier  omde 
pyt&  a  blue  and  chromic  oxide  an  emerald -green  glass.     Borax  is  used 
I       m  this  way  as  a  blowpipe  t^t  for  certam  metak. 
I  It  is  this  property  of  diioolvjng  oxides  of  the  metals  that  renders 

I  hoax  useful  in  welding  and  soldering  metals.  In  these  operations  it 
fc  is  tjsed  to  remove  the  oxide,  or  nist,  from  the  surfaces  of  the  metals 
H  to  be  united. 

■      Sodium  Hypochlorite-— NaClO-    An  aqueous  solution   of  this 

H  s^t  occurs  mixed  with  NaCI  and  NaCOj  in  U^uor  sodae  chionnata^ 

^  W.  S.  F,,   Br,),  Labarraque's  soltition.     It  may  be  prepared  by 

cfecomposlng  a  solution  of  chlurinated  Lime  with  sodium  carbonate, 

H       The  official  sohitlon  contains  sodium  hypodilorite,  sodium  chloride, 

f  and  sodium  carbonate. 

To  make  a  liter  of  the  solution^  75  gm.  of  chlorinated  lime  arc 
triturated  well  with  about  400  c.c*  of  water,  the  solution  filtered,  and 
the  residue  washed  with  100  c.c.  of  cold  water.  To  this  solution  is 
then  added  a  solution  of  150  gm.  of  sodium  carbonate  in  300  c.c  of 
hot  water.  The  turl^id  mitture  may  then  be  filtered »  or  set  aside  to 
allow  the  CaCO^  to  settle,  and  the  dear,  supernatant  liquid  decanted 
off.  It  is  a  pale-gTeenish,  alkaline  liquid^  with  an  astringent  taste  and 
faint  odor  of  chlorine.  It  decolorizes  a  solution  of  indigo.,  and  sets 
iodine  free  from  solutions  of  potass,  iodide^  acidulated  with  HCL  HCl 
decomposes  it  with  eirolution  of  chlorine.  The  solution  should  be 
kept  in  well  stoppered  bottles,  and  protected  iwm  the  light  to  prevent 
too  rapid  deterioration.  It  should  contain  2.4  per  cent,  by  weight  of 
a^^aikhk  chlorine.  It  vields  up  its  cfatotrinc  readily^  thus  acting  as  an 
elEcieot  disinfecting  and  deodofiiiiig  a^TBL 

k  Sodium  chlorate,  sodii  chlof^s  (V.  S.  P.),  NaCIO^  may  be  made 
'  a  double  decomposition  between   KCIO,  and  sodium  btta Urate ^ 
i^aHC^H^Oj,    forming   cream    of  tartar,    KHC^^O^   and    NaCIO|- 
Sodii  benzoas  (U.  S.  P^  Br.),  NaC^H^O^  is  made  by  addmg 
benzoic  acid  to  a  solutkni  of  sodittni  bicaiixxiaie  as  Long  as  effervescence 
continues. 
K  HC,H/>,  ^  NaHCO,  *  KiC^H^O,  +  C<^  +  H/>, 

It  is  a  white  powder,  ha  ring  a  very  faints  benzoin-like  odor,  and  a 
sweet  astriogeni  taste.     It  is  used  as  an  anlifermeiitatiTie  agent. 

Sodii  aiBciiaa  (V.  S.  P.,  Br),  K^^HAsO^ .  7H,0,  is  made  by 
^fagttting  to  fuskoo  arsenous  acid,  with  dry  sodium  c^rbotiate  and 
^^^Him  i^iaie.  Pymneaate  of  lodicin  Is  formed,  which  b  converted 
^fMnodtiiin  sfMiisle  when  ifissohpcd  in  water. 
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Sodii  Phenolsulpboiias  (U.  S.  P.)»  Sodii  Sulphocarbolas  (Bn). 
— NaSOjCJiiOH.  VVheii  crystallized  carbolic  acid  is  dissolved  id 
strong  sulphuric  acid^  sulphocarbM>lic  acid  is  formed.  VV'hcn  this  is 
treated  with  barium  carbonate,  sulphi>carboJaLe  of  barium  is  formed 
in  solution.  If  ibis  S4)lution  is  now  treated  with  sodium  sulphate,  a 
precipitate  of  barium  sulphate  will  form,  and  suiphocarbolate  of 
sodium  may  be  crystallizetJ  out  from  the  solution. 

Sodii  acetas  (U.  S.  ?,)»  NaCjH^Oj ,  jH^O,  may  be  made  by 
neutralizing  acetic  add  with  bicarbonate  of  sodium, 

NaHCO,  +  HC^jOj  =  NaC^Hp,  +  CO,  +  H^O. 

Sodii  Sallcylas  (U.  S,  P.),  NaC^H^Oj,  is  a  colorless,  or  faint 
pinkish,  soluble  powder. 

POTASSIUM  (Kalitun), 

Occurrence,— This  metal  is  found,  principally  as  silicates,  widely 
distributed  in  rocks  and  minerals.  By  the  action  of  the  atmosphere 
and  other  influences,  these  silicates  gradually  decompose,  the  potas- 
sium passes  into  the  soil  and  is  absorljed  by  the  plants,  from  the  ashes 
of  which  it  may  be  obtained!.  The  chloride  and  sulphate  are  also  found 
in  sea-water,  and  in  large  de|:»osils,  mixed  with  other  chlorides,  Sylvite, 
KCl,  and  camalUte,  KCl .  MgCb  ,  6Ufif  are  mined  in  Stassfurt, 
Germany,  as  a  source  of  potassium  salts. 

Preparation  and  Properties • — It  may  be  prepared  by  calcining  an 
intimate  mixture  of  the  carbonate  with  carbon, 

K,CO,  -K  C,  -  K,  +  3CO. 

Such  a  mixture  may  be  made  by  heating  organic  potassium  salts,  as 
crude  tartar,  to  redness.  It  may  ako  be  prcparetl  by  healing  to  a 
white  heat  a  mixture  of  KOH  with  metallic  iron: 

4KOH  +  jFe  -*  Fe,0,  4-  all,  +  jK^ 

It  is  now  manufactured  by  subjecting  fused  KOH  to  a  strong  electrical 
current,  which  liberates  the  potassium  and  hv'drogen  at  the  negative 
pole  and  the  oxj'gen  at  the  positive  pole; 

3KOH  -  Ka  4^  H^  ^  O,, 

This  method  has  been  perfected  by  Castner  and  made  available  as  a 
manufacturing  pri>cess. 

Properties. — Potassium  is  a  silver-whitei  lustrous  metal,  brittle  at  0° 
C.  (32^  F,),  waxy  at  if  C.  (59^  F.),  fuses  at  62^  C,  {143^6^  F.)»  ^^^  <J>^t5ls 
at  a  red  heat,  Speci&c  gravity  at  15^  C,  (59"^  F.)  =  0.865.  I*^  affinity 
for  oxygen  is  such  that^  if  it  be  exposed  to  the  air,  it  tarnishes  at  once. 
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It  decomposes  water  or  ice  ^ith  great  ei»erg)%  with  the  formation  of 
potassium  hydroxide  and  the  Libenition  of  hydrogen^  which  h  ignited 
by  the  high  temperature  caused  by  the  reaction.  It  combiDcs  dijiectly 
aiMd  cnergetioiUy  with  the  halogens,  sulphur,  phospfaonis,  arsenic,  anti- 
mony,  and  tin, 

HALOGEN  COMPOUBDS, 

The  haloid  salts  of  potassium  may  be  formed  by  direct  unioa  of 
the  haloids  with  the  metal,  or  by  saturating  the  h^-dioiide  or  airboiiate 
with  one  of  the  haloid  acids.  They  all  have  a  bitter,  salty  taste,  are 
freely  soluble  in  water,  and  crystallize  in  cubes.  The)'  fuse  @isily,  and 
arc  somewhat  volatile  at  high  terafieratures. 

Potassium  chloride,  KC\,  occurs  native,  either  pure  cr  mixed  with 
other  chlorides.  At  Stassfurt  it  is  found  in  large  deposits,  as  syLvite 
and  camallitef  which  deposits  form  the  chief  source  of  the  potassium 
compounds. 

The  chloride  cn^iallizes  in  anhydrous  cubes,  of  sp.  gr,  1.84,  ck:^ly 
resembling  common  salt.  One  hundied  parts  of  mater  diss>lve  30 
parts  at  0°  C,  (32°  F,),  and  0.2738  jmrt  more  for  e\-er*'  degree  of  increase 
in  lem|:*erature. 

Potassitim  broniide,  potassii  bromidtim  (U.  S.  P.,  Br.},  KBr, 
is  generally  obtained  by  d^solving  bromine  In  a  hot  solution  of  potassium 
liyidrosdde;  the  brtimale  also  produced  in  the  reaction  is  converted 
into  bromide  by  calcining  the  product  mth  diarcoaL 

jBr,  +  6KOH  -  sKBr  +  KBrO,  4-  jH^O. 
5KBr  +   KBrO,  +    C,  -  6KBr  +    jCO. 

It  may  also  be  prepared  by  acting  upon  ferrous  bromide  with  potas* ' 
Slum  carbonate* 

FeBr,  +  K^CO.  -  FeCO,  +  :iKBr. 

It  has  the  general  properties  of  the  other  haloid  salts,  and  is  used  in 
photography  and  in  medicine. 

Potassium  iodide^  potassii  iodidtun  (U.  S.  P.,  Br,),  KI,  may 
be  prepaa^d,  like  the  precetUng,  by  using  iodine  instead  of  bromine, 
or  by  using  ferrous  iodide  instead  of  bromide.  It  crj'stallizes  in  large, 
while,  translucent  cubes,  salty  in  taste  and  permanent  in  the  air.  It 
dissolves  to  the  e.\tent  of  100  parts  in  75.5  parts  of  water  at  ordinary 
temperatures.  Its  aqueous  solution  dissolves  iodine  in  Lii^e  quantities, 
forming  the  liquor  iodi  compositus  (U.  S.  P.)*  ^^  ^^  dissolve  many 
other  metallic  iodides,  to  form  double  iodides.  Its  medidnal  effects  are 
those  of  iodine*  WTien  employed  in  chronic  poisoning  by  lead  or 
mercur>'.  it  is  supposed  to  unite  with  the  metals  in  the  blood  or  tissues 
to  form  soluble  iodides^  and  thus  pass  them  out  by  the  urine. 

Unguenttiizi  iodi  (U.  S.  P,,  Br,)  contains  4  gm.  iodine  and  i  gnL 
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KI  to  100  of  ointment.  Ung.  potassii  iodidi  (U.  S.  P.,  Br.)  CDHtams 
twelve  and  ten  |:)er  cent.,  rc^pcclively,  of  KI, 

Potassium  Fluoride. — RF,  lis  aqueous  solution  attacks  glass. 
It  combines  with  HF  to  form  the  double  halide  KF  ,  HF,  Is  not  of 
much  im[X>rtance  to  the  medical  or  pharmaceutical  student. 

Potassium  cyanide,  potassii  cyanidum  (U.  S*  P.,  Br.),  KCN 
(KCv),  nuiy  be  obtained  either  by  saturating  potassium  hydroxide  with 
hydrocyanic  acid  or  by  fusing  potassium  ferrocyanide.  It  is  a  while, 
amorphous,  deliquescent  mass,  easily  fusible,  and  smelling  of  cyanogen. 
Its  solution  is  very  poisonous.  Its  effects  upon  the  economy  are  un- 
certain^  but  are  probably  those  of  hydrocyanic  acid.  In  case  of  poison- 
ing by  it,  the  stomach  should  be  evacuated  and  the  antidotes  of  hydrocy- 
anic acid  given. 

Potassium  ferrocyanide,  potassii  ferrocyanidum  (U,  S,  P.), 
K^Fe(CN}^j..5H20,  yellow  pmssiate  of  potash,  is  an  important 
commercial  product,  manufactured  on  a  large  scale  by  fusing  nitrog- 
enous animal  matter  (horns,  hoofSj  leather  scraps,  etc.),  in  a  closed 
crucible  with  potassium  carbonate  and  iron  filings,  treating  the  fused 
mass  with  water,  and  cr}'stallizing.  The  salt  is  thus  obtained  in  large, 
yellow,  tabular  cr>'stals.  It  is  used  in  dyeing,  in  preparing  certain 
pigments,  and  as  a  source  of  all  the  other  cyanogen  compounds.  By 
simple  fusion  potassium  cyatude,  KCy,  is  prepared. 
K^FeCy,  -  4^Cy  +  FcC,  +  N,. 

From  a  solution  of  the  salt  various  other  ferrocyanides  are  prepared  by 
precipitation.  Of  these,  Prussian  blue  (ferric  ferrocyanide)  is  pre- 
pared by  adding  some  ferric  salt  to  a  stilution  of  potassium  ferro- 
cyanide. It  is  used  as  a  pigment  and  as  a  medicine.  With  a  fer- 
rous salt  the  precipitate  is  white,  but  quickly  liecomes  blue  by  oxidation. 
This  lest  serves  to  distinguish  ferrous  from  ferric  salts.  With  cupric 
salts  it  gives  a  redtlish -brown  precipitate,  CUjFeCy^. 

Ferricyanides.— By  passing  chlorine  through  a  solution  of  K^FeCva 
a  ccjnipound  is  formed  in  which  the  iron  of  the  radical  Is  tetrad  and  the 
radical  itself  becomes  hexad.  Kj,(Fe^,Cy^2)^''.  On  evaporating  we 
obtain  dark-ral  cr)'stals  of  potassium  ferricyanide,  or  red  ptrussiate 
of  potash.  With  ferrous  salts  a  solution  of  this  salt  gives  a  deep-hiue 
pre  d  pit  ate  of  ferrous  ferri  cyanide,  FegFe^Cyu,  Turnbuirs  blue.  Ferric 
salts  give  no  precipitate  or  coloration,  and  thus  we  distinguish  ferric 
from  ferrous  salts.  , 

Ferric  ferrous  cyanide  —  Prussian  bluc,^,^_jf_2        l"?-^-  (  j. 
Ferrous  ferric  cyanide  '■=  TurnbulFs  blucw^  ^  ^        ^L 
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POTASSIUM  mD  OXYGEN. 

Potassium  oxide,  K^O,  results  from  the  direct  oxidation  of  potas- 
"^um,  by  simply  exposing  tliin  strips  of  the  metal  to  diy  air,  or  by  the 
action  of  potassium  upon  the  hydroxide. 

2KOH  +  K4  -  aKaO  +  Hy 

ft  is  a  while,  deliquescent,  caustic  powder,  uniting  readily  with  water 
to  form  the  hydroxide. 

Potassium  Peroxide, — K^Oj  is  obtained  as  a  yeliow  powder  on 
heating  the  metal  with  an  excels  of  oxygen.  Its  properties  are  similar  to 
those  of  NajOj, 

Potassitim  hydroxide,  potassiinn  hydrate,  caustic  potash, 
potassli  hydroxidum  (U.  S,  R),  potassa  causticar  (Br.),  KOH,  is 
prep;ired  by  the  reaction  of  potassium  carbonate  upon  calcium 
hydroxide  (slaked  lime). 

K,CO,  ^  CaCOH)j  =  CaCO,  +  2KOH. 

After  these  substances  have  been  boiled  together,  the  precipitate  is 
red  to  settle.  It  is  now  made  by  the  electrolysis  of  the  chloride, 
mercury  as  the  cathode,  with  which  the  potassium  forms  an 
The  amalgam  acts  upon  the  water  present  to  form 
KOH.  The  clear  hquid  is  then  evaporated*  and  the  residue  fused 
in  a  silver  dish*  The  fused  mass  is  then  cast  into  slicks.  To 
render  it  purer  it  b  dissolved  in  alcohol,  the  solution  evaporated  to 
^dnTicss,  the  residue  again  melietl  and  cast  in  silver  molds.  This 
iuct  is  potash  by  alcohol,  and  is  nearly  free  from  the  chloride 
other  potassium  salts.  It  is  a  white,  opaque,  brittle  solid,  usually 
with  in  the  form  of  cylindrical  sticks,  but  sometimes  in  lumps. 
:  has  a  sp.  gr.  of  2.1.  It  fuses  quite  easily,  and,  at  high  temperatures, 
volaliUxes  undecomposed.  It  is  freely  soluble  in  ivater;  less  so  in 
a]c3ohot.  The  solutions  have  a  marked  alkaline  reaction,  saponify 
fats,  and  are  strongly  caustic.  Wlien  exposed  to  the  air  it  absorbs 
water  and  carbon  dioxide,  and  is  chang)ed  into  the  carbonate*  Its 
watery  solution  is  largely  used  as  a  reagent  in  chemical  analysis.  It 
dbsolres  chlorine,  bromine,  iodine,  sulphur,  and  phosphorus.  It 
ftpos^  the  ammoniacal  salts,  liberating  ammonia;  it  also  de- 
amposes  the  salts  of  many  of  the  metals,  with  the  formation  of  a 
sium  salt  and  a  hydroxide  or  oxide  of  the  metal. 
Liquor  potassii  hydroxidi  (U.  S.  P.)  is  a  hve  per  cent,  aqueous 
sohjtiofi  of  potassium  hydroxide.  The  B.  P.  solution  contains  5.85 
'  cenl^ 

POTASSIUM  AND  SULPHITR. 

Fi%*e  sulphides  of  ixjlassium  are  knowTn:  KjS,  KjSj,  K^j,  KjS^,  and 
iJ  also  a  sulphydrale,  KSH.     The  last  of  these  is  the  only  one  of 
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imporiiince.  It  is  prepared  by  the  action  of  hydrogen  sulphide  tipoG 
potassium  hydroxide, 

KOH  +  HjS  -  KSM  +  H,0. 

The    peotasulphide,    liver    of    siilphur,    patassa    stUpliarata 

(Bn),  K2S5,  is  ubtainefJ  by  fusing  potassium  carbonate  with  an  excess 
of  sulphur.  It  decomposes  readily,  and  when  treated  with  mineral 
acids  it  gives  off  hydrogen  sulphide.  It  is  a  Hver-bruwn  solid, 
l^ecoming  lighter  on  the  surface.  It  has  an  alkaline,  acrid  taste,  and 
gives  off  HjS. 

POTASSIUM  SALTS. 

Potassium  Chlorate,  Potassii  Chloras  (U.  S.  P,,  Br^.—KClO,. 

When  a  hut,  concenlnited  solution  of  pcitassium  hydroxide  is  treated 
with  chltirine  gas,  the  following  reaction  occurs: 

6K:01I  -f^  jClj  -  sKCJ  +  KClOs  +  jHjO. 

It  is  usually  made  by  the  action  of  chlorine  upon  a  mixture  of  cal- 
dum  hydroxide  and  potassium  chloride.  By  this  method  a  douhk 
reaction  takes  place.     Calcium  chlorate  is  first  formed. 

6Ca{OH),  +  6CI3  -  sCaCl,  4-  Ca(C10j^  +  6H^O, 

This  then  relets  with  the  potassium  chloride  as  follows: 

CaCClO.)^  +  2KCI  -  ^KCIO^  +  CaCI^ 

The  hot  solution  is  rapidly  evaporated  and  the  residue  purified  by 
recrystallization.  It  crysta!li?x?s  in  shining^  transparent  plates  of  the 
monocfinic  system.  Soluble  in  16,7  parts  of  water  at  15°  C.  (59°  F,); 
soluble  with  difhculty  in  alcohoU  It  is  cooling  and  astringent  lo  the 
Usiv,  fuses  at  234^  C.  {435"*  F.),  and  above  352^  C.  (665:6'=*  F.)  it  is 
decomfKised,  giving  up  a  portion  of  its  ox>^gen  and  clianging  lo  the 
perchlorate,  KCIO^,  which  at  higher  temperatures  decomposes  into 
oxygen  and  ix>lassium  chloride.  As  it  gives  up  oxj^gen  easily,  it  sen'cs 
as  a  valuable  oxidizing  agent  and  as  a  means  of  preparing  this  gas- 
Mixed  with  readily  oxidizable  substances,  as  carbon,  sulphur,  phos- 
phoruSi  sugar,  tannin^  resins,  etc.,  the  mixtures  explode  when  heated 
or  subjected  to  a  sudden  shock.  The  igniting  material  with  which 
parlor- matches  are  tipped  consists  of  antimony  sulphide  and  potassium 
chlorate.  When  rubbed  upon  a  surface  coated  with  red  phosphorus 
they  ignite. 

Potassium  hypoehlorite,  liq.  potassae  chlorinatae  (K.  F.),  KCIO, 
is  formed  by  the  action  of  chlorinated  lime  upon  a  cold  solution  of 
potassium  carbonate. 

Il  can  only  be  obtained  in  aqueous  solutions.  If  the  solution  be 
ei'aporatedj  the  salt  splks  up  into  chloride  and  chlorate. 

3KCIO  -  2KCI  +  KCIO,. 
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WTien  treated  with  acids,  it  yields  free  chlorine  and  bleaches  strongly. 
The  ordinary  solutions  used  in  bleaching  are  solutions  of  potassium 
hypcKhlontc  ami  diloride,  and  are  known  as  Javelle  water. 

Potassium  nitrate^  niter,  saltpeter,  potassii  nitras  (U.  S.  P.,  Br,), 
KNO^  exists  native,  and  is  produced  artificially  whenever  nitrog- 
eoous  organic  substances  decay  in  the  presence  of  potassmm  carbon- 
ate. Upon  the  so-called  saltpeter  plantations,  manures  and  various 
anioial  refuse  are  arranged  in  layers,  with  wockI -ashes  and  lime,  in  large 
heaps,  and  submitted  to  the  action  of  the  air  and  moisture  for  two  or 
three  yearsj  whereby,  from  the  slow  oxidation  of  the  nitrogen  under 
the  influence  of  nitrifying  organisms,  nitrates  of  potassium  and  calcium 
are  producetL  The  contents  of  the  heaps  are  then  lutiviated  with 
water,  which  dissolves  the  potassium  and  calcium  nitrates.  Potassium 
carbonate  is  added  to  the  solution  to  convert  the  last  §alt  into  potas- 
sium nitrate, 

Ca(NO,)^  +  K^CO,  -  CaCO,  +  jKJSTO,, 

TTic  calcium  carbonate  is  filtered  off  and  the  solution  evaporated  and 
albwed  to  crystallize.  Another  method,  and  probably  the  one  most 
frequently  employcfl  at  present,  ojnsista  in  the  decomposition  of  sodium 
oitrate  (Chili  saltpeter)  by  means  of  p<jtassium  carbonate  or  chloride* 
NaNO,  Hh  KCl  «  NaCl  +  ICNO^. 

It  (!T\*stallizes  in  large,  six-sided,  rhombic  prisms.  One  hundred  parts 
of  water  dissolve  244  parts  of  the  salt  at  100^  C  (212*^  F,),  but  at  o^ 
C*  (32^  F.)  only  13  parts*  It  fuses  at  353**  C  (667^  F.).  Below  a  red 
heat  it  decomfwses  into  oxygen  and  potassium  nitrite,  KNOj. 

The  readiness  with  which  it  gives  up  its  oxygen,  vvhen  heatetl  in  the 
pfesence  of  an  oxidizable  substance^  makes  it  a  valuable  oxidizing 
&gent> 

Gunpowder  is  a  gjanul^r  nii-Tture  of  polassiurn  nitrale^  sulphur,  and  charcoal  in 
sorh  pfoDoriiun  that  the  nitrate  contal ti5  all  the  oxygen  necessary*  for  the  combustion 
I       ai  the  %myhm  ami  charcoal.     The  f*>lU>wing  cquauoa  cjtprcsscs  approximately  the 

tciecompqeitluii  tjiused  by  tlic  burning  of  powocr: 
I 


The  tf^«rt  produted)  therefore*  depends  upan  tbt^  disengagement  of  carbon  diox- 
ide and  nitrogen,  the  volume  o£  which  gases  is  aimrjst  100  limes  greater  than  that  of 
tke  poirdcr.    The  beat  of  the  combustion  further  cxpandii  the  ga^es  at  the  time  of 

e)rploaii»n. 


Potaseitim  carbonate,  pearlasbf  potassii  carbonas  (U.  S.  P., 
Br,)»  KjCO^,  exists  in  mineral  waters^  in  the  animal  economy, 
ami  as  the  principal  ingredient  of  wlxkI -ashes.  Plants  absorb 
potassium  salts  from  the  earth  and  cctnvert  them  into  salts  of 
the  organic  adds.  VMien  the  plants  are  burned  the  organic  acids  are 
deslioyed  and  potassium  carbonate  is  prfxluced^  which  is  obtained  by 
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the  lixi\1ation  of  the  ashes  and  evaporation.    This  method  is  not 

much  employed  at  present.  Tht  immense  deposits  in  Stassfurt  and 
Galicia  afford  an  almost  inexhaustible  supply  of  potassium  salts. 
ll  occurs  commercially  as  a  whiie^  granularj  deliquescent  powder^ 
freely  soluble  in  water,  the  solution  having  a  caustic  taste  and  an  alka- 
Jine  reaction. 

Potassium  carbonate  is  largely  made  from  the  native  chloride  by 
electrolysis.  The  resulting  hydroxide  is  treated  with  CO^  to  convert 
it  into  the  carbonate. 

Potassiiim  bicarbonate^  acid  potassium  carbonate,  potassii 
bicaxbonas  {U.  S»  P.,  Br.).^KHCOa.  Whtn  carbon  dioxide  is 
passed  through  a  concentrated  solution  of  potassium  <^rbonate,  it 
is  absorbed  and  potassium  bicarbonate  is  produced, 

K,CO^  +  HjO  +  CO,  -  *KHCO^ 

This  salt  crystallizes  in  oblique,  rhombic  prisms  of  the  monoclink 
system.  It  dissolves  in  three  to  four  parts  of  water:  the  solution  is 
faintly  alkaline,  but  not  caustic.  The  substance  that  is  still  exten- 
sively used  in  some  parts  of  the  country  in  baking,  under  the  name  of 
saleratuSj  is  this,  or  the  corresix^fnding  sodium  salt. 

Potassitim  sulphate,  dipotassium  sitlphata,  potassit  stil^ 
phas  {U*  S.  P.^  Br.)j  K^SO^,  is  found  in  the  Stassfurt  mines,  in  plant* 
ashes  J  and  in  solution  in  mineral  waters.  It  is  obtained  by  the  action 
of  sulphuric  acid  upon  potassium  chloride,  as  a  by-product  in  some 
chemical  manufacturing  processes. 

2KCI  +  IlaSO,  -  KjSO^  +  2HCI, 

It  oystaUizes  without  water  in  small,  rhombic  prisms,  of  a  bitteri 
salty  taste,  and  Is  soluble  in  ten  parts  of  water  at  ordinary  tem- 
peratures, 

Hydropotassium  sulphate^  acid  potassium  sulphate,  potas- 
sium blsulphate,  KHSO^,  is  formctl  as  a  by-product  in  the  manu- 
facture of  nitric  acid  from  potassium  nitrate;  crystallizes  in  large, 
rhoml nc  plates,  and  is  verj^  readily  soluble  in  water.  At  about 
200^  C*  (392"^  F.)  it  fusesj  loses  water,  and  is  converted  into  the 
pyrosulphale,  K^SjOy. 

Sulphites, —Three  are  known :  K^J^Oj,  KHSO^  and  Kfifi^. 

Po tassi um  sttlphi t e ,  neu trol  po t&ssium  sulphite ^  K^ O^  Th is  «alt  crv^ial- 
lizes  in  oblic|Ue  rhombic  o*  lahcdra,  which  dissfvlve  readily  in  water  aiid  have  a 
sulphurous  odor*  When  its  soludon  is  exposed  to  the  air,  it  absorbs  ojtygen*  and  the 
sak  is  cT>ti verted  into  the  sulphate. 

Potassium  dichromate,  potassii  dichromas  (U.  S.  P.),  K^Cr,OT^  cotnmcT* 
daily  known  as  the  red  chroma te  of  potash,  and  often  called  ihe  acid  poiassmm 
chroma  tCj  h  obt*uncd  by  igniiiag  pulvemcd  chromitei  Cr|0,.FeO,  with  potas- 
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limii  carbcMiate  4Uid  njtmtc,  fonnliig  poiassiUxn  cliromate  msad  feme  oxide.  The 
jii^taisiuin  chitimate  ifl  dissolved  out  with  waicr»  and  nitric  or  acetic  acid  added 
10  thtr  solution,  from  which  poia^tum  dichromate  c/i-staJlize^.  It  farms  lar^, 
red  prnms,  soluble  at  ordinafy  temperatures  in  ten  parts  of  water.  When  it  is 
warmed  with  suJphnric  acid,  o^gen  escapes  and  chromic  oxide  is  produced;  aud 
qd  siAndin^  potas^um  chrome  alum  is  formed. 

K^CrA  +  4H^O,  =  K^O, ,  Cr,(SOJ,  +  O,  +  4H1O. 

Wbeo  potassium  dlctuiDmate  is  heated  aione>  it  gives  off  ojcy^tu 

UlicQ  heated  with  HCl,  it  gives  off  chlorine, 

K^CrA  +  i4Ha  -  2KCI  +  Cr^Clft  +  ?H,0  +  jCl^ 

It  win  be  seen  from  these  reactions  how  it  may  be  uttUzcd  as  an  oxtdiEing  agent. 
A  miiture  of  HjSO^  and  K,Cr,Oj  is  employed  in  laboratories  for  oxidizing  pur- 

Bsriujn  chromate,  BaCrO^,  and  lead  chromate,  PbCrO^,  are  used  as  yellow 
|»gniriit5,  the  former  under  the'  name  of  yeU&u,*  uliramarim  and  the  iatler  as 
anit«#«  cktcme  or  chrome  yelioUK 

BotaaaiiiiD  c^hromfltc^  K^CrO^  occurs  as  lemon-yellow  crystals.  It  is  soluble 
in  wmler,  giWng  a  yellow  solution.  It  is  prepared  by  adding  a  solution  of  KOH  to 
00c  of  K^CrjO^,  evaponiung  and  cr^-stallijiing.  It  is  used  as  an  indicator  in  the 
mimattiic  estimation  of  chlorine* 

Bi^tAs&ium  penn&nganale,  pota^U  permanganas  (U.  S.  P.,  Br.),  K^Mn,0, 
«r  EMnO^  is  precipitated  from  solutions  of  |>otassiuni  manganatc  by  acids,  in  dark- 
f«df  diombk  prisms.  It  b  made  by  boiling  a  mixture  of  potassium  hydroxidC} 
pi^sshtm  chlorate,  and  matigaiiese  dioxide  with  water,  evaporating  to  dryness,  and 
fusiog^ 

6K.OH  +  KClOj  +  iMnOj  =  ^K^MnO.  +  KCl  +  sH^O. 

A  peeanlt-colored  mass — potassium  manganate — is  formed.    This  is  dissolved  in 
1  k  then  easily  tfecomposcd  by  an  acid  or  a  large  quantity  of  hot  water. 


jE^linOf  -I-  31^0  *  K^nfi^  +  MnOj  +  4KOH  +  HjO. 


^^^^^Byiese  dionide  is  precipitated,  and  the  permanganate  remains  in  ^lution,  from 
^^^^^B  it  IS  obtained  by  ciystailization.  This  salt  has  active  oxidizing  properties, 
^^^mlfm  tcfy  largely  used  lor  oxidising  and  destroying  organic  substances.  It  also 
owwwts  ferrous  into  ferric  salts,  and  is  used  for  the  qua  ntitative  estimation  of  ferrous 
mIIs  becsiiie  of  this  property.  It  is  at^  used  to  estimate  organic  matter  in  potable 
tl  k  sometimes  given  internally. 
Cbrtdy's  0uid  is  an  aqueous  solution  of  K^Mn^O^. 

FMBmuiti  acetate,  potassii  acetas  (L".  S.  P.,  Br,),  KCjH,Oj,  exists  in  the 
of  pUnLs.     it  is  obtained  by  ncuLralizing  acetic  acid  with  potassium  carbonate 
or  lifcaiticinate«     It  crystallizes  in  shining  needles,  is  deliquescent^  and  very  soluble 
ID  water. 

Qimlates.— Three  are  known  to  exist  i  Potassium  oxalate,  neatral  oxalate, 
KJC^. .  Aq*  formed  by  saturating  oxalic  acid  with  [xjlnssium  i  iirlxmaU'.  HydrO- 
ffrtifwTT*t  oxalate,  monopotassitmi  oxalate,  blnoxalate  of  potash,  KHC^O^. 
■VHlMtiiio  qoadroiaJate,  KHC/»^  .  C,0,H^  ,  2Aq.  A  mixture  of  these  last  two 
ttJte  is  known  as  salt  of  lemon,  or  salt  of  sorrel ,  and  is  used  for  bleaching  straw 
1^  fgmcrre  iiik -stains.     In  appeanmce  it  closely  resembles  Epsom  salt,  and  has 

tnaitTcasies  of  oxalic  acid  pcii^f^oning  by  being  taken  by  mistake  for  that  salt. 
Tor^mm. — Potassium  tartrate,  soluble  tartar,  neutral  tartrate  of  potash, 
iiui  tulras  (Br.),  RjC^H/J^  is  a  white,  crystalline  powder,  very  soluble  ia 
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water;  soluble  in  340  parts  of  aJcohoL  Hjdropoiassium  tartrate,  cream  of 
tartar f  potassii  bttartras  (U.  S.  P.)^  potassii  tartras  acldiis  (Br,),  KHQU^O,. 
A  browti-n.'dj  cn&talliDe  cmst  is  oblained  froni  the  boilonis  and  sides  of  wm^-ci^ 
after  fermentation  has  taken  pkce.  Thb  is  know^u  in  commerce  iia  argol,  or  crude 
tartar^  and  is  coniptscd  in  gm^at  part  uf  ixjta^iani  bilartrate,  with  titrtnite  of  lime 
and  coloring  matter- 
To  cjttract  the  cream  of  tartar,  the  argol  h  boiled  with  wattT  or  healed  in  a 
clos<?d  digester  by  superheated  steam.  The  latter  process  neadere  the  caicium 
tartrate  injsoluble  and  separates  it  almost  completely  from  the  ct^am  of  tartar, 
which  goes  into  solution.  The  solutii:in  thus  obtained  h  allowed  to  cool  and 
crystalline;  the  crystals  are  redissolved  in  hot  water,  treated  lallh  animal  chartoal 
to  remove  coloring  matters,  filtered,  and  a^in  cr>'stallized.  The  product  of  thk 
process  is  almost  chemically  pure  acid  potaisaium  tartrate. 

It  crystalli/j^  in  hard,  opaque,  rhombic  prisms,  ver>'  st>artnely  soluble  in  water* 
still  less  so  in  alcohol.  Its  solution  is  acid  to  the  taste  and  10  litmus  paper.  It  b 
largely  used  in  baking,  combined  with  sodium  bicarbonate,  the  two  substaaec* 
nracting  upon  each  other  to  form  RochcDe  salt,  with  the  liberation  of  carbon  dioxide. 
Baking  powders  are  extensively  used  at  present,  instead  of  yeast,  for  raking  cake, 
biscuits,  etc.  In  all  of  them  the  action  depends  upon  the  decomposition  of  sodium 
bicarlxjnate  by  some  salt  baling  an  acid  reaction  or  by  a  weak  add. 

In  addition  to  the  bicarbonate,  and  the  starch  added  to  preserve  them,  tliey 
contain  either  tartaric  add,  alumi  acid  phosphate  of  calcium,  or  cream  of  tartar. 

Some  of  the  reactions  that  take  place  iti  baking  powders,  to  set  free  , 
carbon  dioxide,  are  the  foUoiAing; 

I.     KHQHP,  +  NaHCO,  =  NaKC^H  Oj  +  H,0  +  CO^^ 

PoUfflium  Sodium  Sodio  ponusium       Water.    Corban 

Blumnile.         BIcArUonatc.  Tartrate,  Dica»de. 


\.    Als(S0^1, .  KjjSO^  +  6NaHC0,  -  K^O,  +  jNa^pO.  +  Al^O.  +  6CO3 

AluminuTn  Fotaasiutn  Sodium  1^7taffiilLm        Sodium        Aiuminuia      Carboi 

Alum.  BkarborutfiH,       £ulp2iAlc«       Sulpllitc,       HydiXfXide.    Dtaadi 

3.     CttH.(f  O,),  +  ^NaHCO,  =  CaHPO^  +  NajHPO^  +  ill^O  ^  aCO^ 
Cudum  Sodium  B^rataldtim        StxHum  Wnter.       Cirbcm 

Add  Phosphate.      BicjirboaaiF,         Pbovpbale.        PhuspJiAtt. 


Dioxide. 

A  good  powder  may  be  made  by  intimately  mitring  two  parts  of  cream  of  tanar 
wjth  one  of  sodium  bicarbonate,  and  adding  a  little  flour  or  starch* 

SDdliiin  pot&ssium  tartrate,   RocheUc  salt,  potassii  et  sodn  tartfas 

(U.  S,  P»),  NaKCJ-f^Ufl  .  ^H^O,  h  prepared  by  U^iling  acid  potassium  tartrate  with 
sodium  carbonate. 

.^KHC^H^Ofi  +  Na,CO,  «  i&NaC^H.O^  +  CO,  +  HgO. 

It  furms  large  transparent,  prismatic,  slightly  efflorescent  crystals,  soluble  in  14 
|mrts  of  cold  water;  saline  and  slightly  bitter  to  the  taste,  an(l  neutral  in  rcarlion. 
Potassium  anttmonyl  tartrate,  tartrated  antimony,  tartar  emetic,  anti- 
mouii  el  potassii  tartras  tU.S.  P.),  K(SbO)CJf^Op .  H^O,  is  prepared  by  boiJ- 
111^  a  solutiun  of  cream  of  tartar  with  antimonous  oxide, 

2HKC,H^O,,  +  SbjO,  -  2(SbO)KC^H^Oo  4-  H,0, 

Its  crystals  are  transparent,  right  rhombic  octahedra,  efflorescing  in  the  air*    It  Is  1 
iiijii.    -iilnhlc  in  water,  the  solution  having  a  nauseating,  metallic  taste-     It  Is 
,  and  has  e^*en  caused  death  when  applied  to  the  skin  as  a  local  irritant 

Paiassii  citras^  KsCiH^Ot  .  HjO,  and  potassii  citras  efferrescensare  offidai  \ 
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sulldiOCjmnAte  is  prepared  by  fusing  pous&jura  ferrocyanide 
f  Uignber  and  ejihausting  the  fused  mass  with  akohoj.  On  evaptirat- 
%  ikc'aJcdxki  A  ifhitCt  crystaUiue  &ail  is  obtained*  $olubJc  in  water,  and  having 
ifcrfamttla  KSCjr*  Ttic  salt  otcuis  in  traces  in  the  saliva.  An  ai^ueous  solution 
if  ifcli  mk  m  empkryed  ^  a  reagent  Cor  Ihe  detection  of  ferric  iron,  with  which  il 
^m$  A  bl«Mi-t«o  color.    It  gives  no  color  with  fenous  iron. 

Tozk  Effects  of  the  Sodium  and  Potassium  Compounds.— 
The  action  of  llie  halogen  salts  of  these  inelab  k  generally  that  of 
Qbtned  chlorine ,  bromine,  or  imJine,  The  hydroxides  at  bolli 
and,  to  a  lesser  degree,  the  carbonates,  disintegrate  the  tissues 
villi  nrhicb  they  come  in  contact ;  hence,  they  possess  powerful  caustic 
pfoperties.  If  taken  internally,  the  hydroxides  are  highly  poisonous, 
CMuiilg  death,  like  the  mineral  acids,  either  immediately  by  their 
iw  pnipettieSf  or,  secondarily,  by  exciting  inflamination  of  the 
Qlcsllnal  mucotis  membrane,  with  oansequent  tliickening  and 
OWUfictioii. 

nniolo£tcal  Action. — In  cases  of  poisoning  by  the  caus;ttc  alkalies*  the 
m^mi  ilicitiM  be  evmtuated,  and  &  weak  acid,  such  as  diluted  vinegar  or  lemon 
j«c,  fHco  ID  neutraMze  the  alkali;  or,  it  should  be  saponitied  by  the  admiciis* 
talM  of  mKEuc  oil  or  fiit.  The  mtratc  of  these  metals  is  toxic  in  laige  dos^,  and 
lar  ii  ihcf*  it  no  direct  aiiiidote.  The  alkaline  carbonates  are,  undoubtedly,  of 
inbk  importance  to  the  carryinK  on  of  the  nonoai  functions  of  the  animal 
la  the  6r*t  place,  it  h  cjcceedingly  piobahle  that  some,  at  least,  of  the 
'  1  matirrs  of  the  blood  atE  held  in  solution  by  reason  of  its  alkaline  re^ 
Ii  k  ki^Iy  given  to  it  by  these  carbonates^ 

y^  it  has  been  shown  very  clearly  that  the  alkaline  reaction  of  the  blood 

[  tot  Importaiice  to  the  o^ddation  processes,  which  arc  intimatelv  connecti^i 

iGuction  of  animal  heat  ana  letrogode  tnetamorphosis.     h  is  only  in 

pnmtui  of  a  fire  alkali  that  many  organic  substances  will  unite  with  oxy- 

mad  lints  their  dect^mfio^Uon  at  the  temperature  of  the  body  without  an 

*\  waM  be  iaipCE£lble.     In  proof  of  this,  it  is  known  that^  if  the  frrc  vegetable 

rfi«vsi  they  will  iriippcar  in  the  urine,  for  the  tnost  part,  unt  hanged  j  but 

PC  ill  comhtnftlion  wilh  the  alkalies  when  given,  they  are  thoroughly  burned 

^  ami  reappear  as  c^irlxtnates.     In  fact,  !^  imj^^irtant  are  these  al- 

id  phosphates— that  without  them  proteid  bodies  will 


when  taken  in  suHkietit  quantity,  tender  the  urine 
la  nmetkm  •nd  increase  the  cjuanthy.     The  tartrates*  citrate.^,  and  ace- 
"       and  potmsstum  have  a  similar  action  upon  the  economy  to  th?it  of 
Imo  which  thry  are  converted  either  in  the  intestines  or  the  blcji>d. 
cslhaitk  artion  is  attributed  to  the  tartrates  than  I&  possessed  by 
Tbia  acticMi  la  also  shown  by  the  su! filiates  and  phosphates. 
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rmre  lartmb  wrri?  disco^red  in  i86q  by  Hunsen  and  fCirthoff,  by  means 
Bcvth  elements  were  named  from  the  color  of  I  heir  line*  in 
(ndMltti,  4krk  red,  and  COBAltltp  aky  blue).    Tliey  occur  in  »mall 
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^^■^w gp^wwnii  a^iuuie  in  water  ana  piBwaiMiig  a  Luuim| 
beeti  used  in  epilepsy. 


AMMONIUM  COMPOUNDS, 

Ammonium. — NH4,  This  radical  has  only  a 
ence,  never  having  been  isolated.  It  exists  in  d 
ammomura  compounds,  and  in  these  aimptiunds  it' 
a  positive  ion,  forming  comfKJunds  resembling  tb 
potassium.  The  oxide  of  this  mdica.1  has  not  been 
hydroxide  is  well  known. 

Ammonium  chloride,  ammonium    muriate p 
ammonil  chloriduim  (U.  S.  P.,  Bn),  NH^Cl,  was 
by  the  dry  distillation  of  camels*  dung.     At  prese 
chieiiy  by  saturating  the  ammonia-liquor  from  ga 
drochloric  acid,  evajjorating  ihe  solution  to  dryned 
the  residue  in  iron  vessels.     Prepared  in  this  way, 
tough,  fibrous  massj  which  dissolves  in  2.7  parts  cold  i 
ing  water.     It  cn^stailizes  from  its  solution  in  small  oc 
of  a  sharp^  salty  taste,  and  a  neutral  reaction.     \Vh. 
sodates  into  NHj  and  HCl  without  fusing,  but,  on  co 
ucts  recombine  into  ammonium  chloride. 

This  salt  exists  in  minute  quantities  in  the  gastrin 
animals.     The  urine,  saliva,  and  tears  also  contain 
compound,  which  is  ^ud  to  be  the  chloride. 

Anmionium  bromide,  ammooii  bromidum  (U,  ^ 
Br,  may  be  prepared  by  direct  combination  of  am 
hydrobromic  acid,  or  by  d era m posing  ferrous  bron 
nium  hydroxide, 

FeBr,  -h  aNH^OH  ^  Fc(OH)j  +  aNH^Ei 

or  by  subliming  a  mixture  of  potassium  bromide  an< 
phate-  ^^^^^^^^^j 
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Botftfigitiin  suiphocyaiiate  is  pret>ared  by  fusing  potassium  ferrocyaoide 
■ad  ailpbur  logetlicr  and  e^JiAusting  ihc  fused  ma^  with  alcohol  On  evaporat- 
B^  tlK  akcihol  a  whiter  cr^'&tallin^  sail  is  obLalnedi  sojubk  in  water,  and  having 
Ibe  foonttla  KSCy.  The  salt  occurs  hi  tiaces  in  the  saliva.  An  aqueous  solution 
of  tliis  sail  ts  tJ3iplo3wd  as  a  n^a^nt  for  the  detection  of  ferric  iron,  wiih  which  it 
gines  ft  btood^rrd  color.     It  gives  tio  cobr  with  ferrous  iron. 

Toxic  Effects  of  tJie  Sodium  and  Potassium  Compounds.— 
The  action  of  the  halogen  salts  of  these  metals  is  generally  that  of 
the  CDinbined  chlorine^  bromine,  or  iodine.  The  hydroaddes  of  both 
meiaK  andi  to  a  lesser  degree,  the  carbonates,  disintegrate  the  tissues 
villi  which  they  come  in  contact;  hence^  they  j>ossess  powerful  caustic 
pfoperties.  If  taken  internally,  the  hydroxides  are  highly  poisonous, 
caaang  death,  like  the  mineral  adds,  either  immediately  by  their 
CDimsive  properties,  or^  secondarily,  by  exciting  inflammation  of  the 
^stfo-lntesiitial  mucous  membrane,  with  consequent  thidcenifig  and 
CDQStriction. 

Pbjsiological  Action. — In  case*  of  poi^ning  by  the  caustic  alkahes,  the 
gftomarh  should  t>e  evacuated,  and  a  weak  acid,  ^uch  a&  diluted  vineg<ir  or  lemon 
^uce,  gi^a  to  neutralizie  the  alkali;  or,  it  should  be  saponified  by  the  adminis^ 
tisiiail  of  sotac  oil  or  fat<  The  nitrate  of  Uie&e  me  tats  is  toxic  in  large  doses,  and 
§or  ft  tbere  Is  do  direct  antidote.  The  alkahne  carbonates  are,  undoubtedly,  of 
CPilsiAimble  importance  to  the  carrying  on  of  the  normal  functions  of  the  animal 
%o4r^  111  ttie  £i^t  place,  ft  ia  exceedingly  prottable  that  somep  at  least,  of  the 
anmnliioid  onatters  of  the  blood  are  hekL  in  solution  by  reason  of  its  alkaline  re- 
union, which  is  Larf^ly  given  to  it  by  these  caHx^natcs- 

Second!y;  it  has  been  shown  very  deariy  that  the  alkaHne  reactJon  of  the  blood 
is  of  fiist  importance  to  the  oxidation  pfot esses,  which  are  intimately  connected 
Willi  the  pffOGuction  of  animal  heat  ancf  retrograde  metamoq^hosis.  It  is  only  in 
the  pieveiice  of  a  free  alkali  that  many  organic  sub&tances  will  unite  with  ojiy- 
fgsDt  find  diu$  their  decomposition  at  the  temperature  of  the  body  without  an 
alkali  would  be  Impc^sible.  In  proof  of  thi^,  it  is  knoivn  that,  if  the  free  vegetable 
Mds  arc  given  they  will  reappear  in  the  urine,  for  the  most  part,  unchang^;  but 
if  d»cy  are  in  combination  with  the  alkalies  when  given»  they  are  thoroughly  burned 
tip  m  the  blood,  and  ti^ppear  as  carbonates.  In  fact,  so  important  are  these  al- 
kaline salts — carbonates  aod  phosphates — that  without  them  proteld  bodies  will 
not  support  life. 

The  atkalinc  carbonates,  when  taken  in  sufEcient  quantity,  render  the  urine 
Itiie  in  reaction  and  increase  the  quantity.  The  tartrates^  citrates*  and  ace- 
I  of  todium  and  potassium  have  a  similar  action  upon  the  economy  to  that  of 
die  ciH?PiMt^^  into  which  they  are  converted  either  in  the  intestines  or  the  blood. 
A  iUgbtlf  more  cathartic  action  is  attributed  (o  the  tartrates  than  is  possessed  by 
the  ciflideialea.     This  action  h  also  shown  by  the  ^ulphate^  and  phosphates* 


RUBIDIUM  AJfD  CESIUM. 

Tb^e  rare  metals  were  discovered  in  iS6o  by  Bunsen  and  KirchofT,  by  tncan& 
of  the  spectroecope^  Both  elements  were  named  from  the  color  of  I  heir  Imes  in 
file  fpeatnifn  (mtiiditis,  dark  red,  and  cssitis,  sky  blue).     They  occur  in  small 


tjei 


CHEMISTRY. 


qtiaiititie»,  widely  distflkuted»  often  accompanjriiw  potassium.  With  platiisujn 
diloridc  they  forva  doubk  diiorides,  PtCl^ .  sRbCL  Rubidium  iodide  aod  nibidium 
ammodluni  bromide  h^vc  been  used  in  medidne- 

SnMiivni  iodide,  Rbl,  txcui^  as  colorless  cmtab,  readily  soluble  in  water, 
and  h^nof  i»ost  iji  ibe  pb>*sica]  properties  of  pot^is&ium  iodide,  for  which  it  is 
substituted  AS  a  remedy,  in  do&es  of  two  grains  three  times  daily, 

Eubidiiiin  Ammimium  broioide,  RbBr  .  ^NH^Br,  occurs  m  a  wbtte,  cry$td- 
iine  pon.-dert  readily  soluble  in  water  aod  possessing  a  cooling,  saline  taste,  [1  has 
becti  used  la  epilep^y^ 

AMMONIUM  C0BO>0UNDa 

Animoniiiin.^NH^,  This  radical  has  only  a  hypothelical  exist- 
ence, never  having  been  isokitcKl,  It  exists  in  a)mbinaiJon  m  the 
ammonium  compoands,  and  in  these  compoutids  il  plays  the  r6k  of 
a  positive  icm,  forming  compounds  resembling  Ihob^  of  sodium  and 
potassium.  The  oxjcje  of  this  nidical  has  not  been  separaied,  but  the 
hydroxide  is  well  knosvn. 

Ammoaium  chloride,  ammoniuni  muriate,  sal  ammoniaCi 
ammonii  chloridum  (U-  S,  P.»  Bn),  NH^Cl,  was  formerly  obiained 
by  the  dry  distillation  of  camels'  dung*  At  present  it  is  prepared 
chiefly  by  siiiurating  the  lunmook-liquor  from  gas-works  with  hy- 
drochloric acid,  evaixirating  the  solution  to  drynessi  and  subliming 
the  residue  in  iron  vessels.  Prepared  in  this  way^  it  is  a  com|mct, 
tough,  fibrous  mass,  which  dissoKes  in  2*7  parts  cold  and  one  part  boil- 
ing water.  It  cr)^stalli2es  from  its  solution  in  small  octahefjra  or  cubes, 
of  a  sharp,  salty  taste,  and  a  neutral  reaction.  \\*ben  heated,  it  dis- 
sociates into  NH3  and  HCl  without  fusing,  but,  on  cooling,  these  prod- 
ucts recombine  into  ammonium  cJiloride, 

This  salt  exists  in  minute  quantities  in  the  gastric  Juice  of  various 
animals.  The  urine,  saliva,  and  tears  also  contain  some  ammoniimi 
compound,  which  is  Siiid  to  be  the  chloride. 

Ammonium  bromide,  amrrtonii  bromidtmi  (U.  S.  P.,  Br.),  (NHJ- 
Br,  may  be  prepared  by  direct  combination  of  ammonia,  NH3,  and 
hydrobromic  acid,  or  by  decomposing  ferrous  bromide  with  ammo- 
nium hydroxide, 

FrBr,  +  iNH^OH  =  Fe(OH),  +  aNH.Br, 

or  by  subliming  a  mixture  of  potassium  bromide  and  ammonium  sul- 
phate. 

It  forms  a  white,  crystalline  powder,  or  large  prisms,  which  turn  )t1Iow 
on  exjiosure  to  the  air,  and  possess  a  saline,  pungent  taste  and  neutral 
rvaciion.  It  dissolves  In  1.5  parts  of  water,  and  volatilizes  without 
decomposition. 
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AmmoiLiunL  iodide,  ammonii  iodidum  (U.  S.  P.),  (KHJI,  is 
prepared  by  the  action  of  hydriodic  add  upon  ammonia,  or  by  the 
double  decern  position  of  potassium  iodide  and  ammonium  sulphate. 

It  may  also  be  prepared  by  addii^g  ammonia  water  to  a  solution  of 
ferrous  iodide. 

Fcl,  ^  aNHpH  ^  Fe(OH)j  +  aNHJ, 

It  forms  cubic  crystals,  which  are  deliquescent  and  soluble  in  0.6  part 
of  water.  They  decompose  in  the  air,  turning  yellow  and  emitting 
the  odor  of  iodine.  Tinctura  iodi  decolorata  {N.  FO,or  colorless 
tincture  of  iodine,  is  prepared  by  mixing  equal  volumes  of  compound 
tinaure  of  iodine  and  strong  ammonia  water.  It  is  essentially  a  solu- 
tion of  XH  J  and  KI  in  alcohol  and  ammonia  water 

Ammoniiim  hydroxide^  NH^H,  is  believed  to  exist  in  solution 
in  the  ordinar)'  aqya  ammoniae,  although,  when  the  attempt  is  made 
to  isolate  it,  decom|x»sition  ensues,     (See  p*  155*) 

Ammonium  Carbonates. — Tliree  are  known*  AnunoiuiUii  car- 
lK»Qate,  neutral  anmiooiimi  carbonate,  (NHJ^COj^  may  be  pro- 
jjared  as  a  cnstalline  p4:twder  bypassing  ammonia-gas  through  a  con- 
centiated  solution  of  the  sesquicarbonate.  When  exposed  to  the  air,  it 
splits  up  into  ammonia  and  the  acid  carbonate,  NH^HCOj. 
(NTHJ^O,  =  NH^HCO,  +  NH, 

Hydro-ammonium  carbonate,  acid  ammonium  carbonate, 
NH^HCOjj  is  obtained  when  a  solution  of  ammonium  hydroxide  or 
sesquicarbonate  is  saturated  with  carbon  dioxide.  It  forms  large, 
rhombic  cr\^sta1s,  which  are  quite  soluble  in  water*  At  60'*  C.  (140°  F,) 
kit  is  dissfHiialed  into  ammnnia  and  carbon  dioxide* 

Jbnmomum  sesquicarbonate,  sal-volatile,  ammonii  carbonas 

(U.  S,  K,  Br.),  NH^HCO,  +  NH^NHjCO,,  is  the  commercial  car- 

[liotiate  of  ammonia,  and  was  formerly  prepare^l  by  the  dry  distillation 

!  bones,  boms,  and  other  animal  substances.    It  is  al  present  prepared 

f^^  heating  a  mixture  of  ammonium  chloride  or  sulphate  with  calcium 

[Carbonate,  and  condensing  the  volatilized  product*    As  seen  by  the 

Iformub,  it  is  a  mixture  of  the  acid  carbonate  and  ammonium  carbamate, 

Ithuugh  probably  when  fresh  it  consists  of  the  pure  neutral  carbonate. 

So  prepared,  it  sublimes  as  a  white^  transparent,  hard  mass»  having 

an  ammoniacal  odor  and  an  alkaline  reaction.    On  exposure  to  the  air^ 

it  gives  off  ajiunonia  and  carbon  dioxide^  and  is  therefore  of  uncertain 

composition.     The  carbonates  of  ammonia  are  very  ut^stable. 

Ammomusi  nitrate,  NH^NO^  b  prepared  hy  neutral  Id  ng  njtiic  acid  with 
wamiamna  hjdmjddt  or  c&rbonatc*    It  rrystallizes  in  flexible,  six-sided  prismi^ 
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without  water;   dissolves  in  0.5  pan  water  U  15^  C-  (59''  F.)^  and  fuses  ii.t  : 
C.  ^3*9®  F.).     WTaen  heated  10  210^  C*  (410*  ¥.),  it  decomposes,  with  i*     ' 
lion  of  nitjous  oidde,  or  laughing-gais,  aJad  water. 


Lih^ 


Ammonium  eitlphate,  aeutral  ammoniimi  stilphate^  (KHJ^SO^  m^ 

obiaiticd  by  saturating  the  ammoiUa  w^tcr  frorn  gas-works  with  sulphuric  I 
sepamiing  the  crystals  and  recrystallid^g.  It  forms  rhombic  crysiaJs*  sotubl 
two  parts  of  rold  and  one  jiart  of  hot  water.  At  140*  C*  {2^^  >.)  it  fuses, 
at  higher  lcmt>enitures  it  dtfcompost-a  inio  ammonia,  nitnjgen,  water,  and  am 
nium  sulphite. 

Ammomum  acetate,  (NH^lCjHjOj^  is  formed  when  acetic  acid  is  satuti 
with  OLnimonia  water  or  ammonium  carbonate.  It  is  seldom  seen  except  in  n 
lion  ill  water.  The  aquctius  solution  b  used  In  medicine  aa  the  liquor  amm 
ftcetatia,  or  spirit  of  Minderenis,  which  contains  about  seven  |ier  cenL  of 
salt. 

Other  sails  in  use  are  the  benzoate,  phosphate,  and  Talerianate,  all  ^ 
crystalline  salti.  The  benzoate,  NH^C^W/Jj,  the  ^Hcjflate,  SHiCjBfip 
the  valerate,  NH^CjHj>j.  are  official 

Ammonium  sulphocjanate,  NH^SCy,  is  pt??pared  by  heaiinj^  hydttjqf 
acid  with  yellow  ammonium  sulphide. 

The  jjrincipai  interest  attached  to  these  salts  is  their  use  as  lests  for  Ij 
sah-s  with  which  they  give  a  btood-r^  s«:i]ution.  The  sodium  sidl  is  fouiM 
traces  in  human  saliva.  Traces  have  also  been  found  in  nofiniti  urio^  a 
milk,  and  in  the  gastric  juice  of  dogs  and  cals, 

Anunonium  sulphide ^  (NHJ^,  15  a  white,  crystalline  solid,  rormed  by  J 
ing  dry  hydric  sulphide  and  ammonia  at  a  low  temperature,^ — 18*"  C.  (about  o" 
It  is  usually  prepared  by  dissolving  sulphur  in  a  solution  of  the  aulphydi 
This  solution  diss<:ilves  sulphur  and  the  sulphides  of  ar&enic,  tin,  and  antim 
and  is  used  in  analysis  for  this  purpose. 

Ammonium  sulphfdrate,  NH^SK,  h  prepared  by  saturating  a  solutiai 
anmionium  hydroxide  with  hydrogen  sulphide  (sulphuretted  hydrogen),  \ 
colorless  at  first,  but  becomes  yellow  on  exposure,  from  decomposition.  It  is  < 
in  laboratories  as  a  reagent.  Acids  decompose  both  the$e  sulphides,  setting 
sulphur. 

Action  on  the  Economy.— In  large  quantities,  or  by  prolog 
use,  aminania  and  ilii  salts  are  fxiiscinous.  Ammonia,  if  inhaled, 
as  a  severe  irritant  upon  the  aJr-passitges,  causing  dyspnea,  p 
suffocation,  and  even  death.  The  treatment  in  cases  of  poisoi 
consists  in  neutralizing  the  alkali  with  dilute  adds,  ur  in  using 
vapor  of  acetic  acid  as  an  inhalation.  Two  drachms  of  a  strong  solu 
of  ammonium  hydroxide  have  proved  fatal  ^_ 


TESTS  OF  IKE  GROUP  OF  ALKALUfE  METALS, 

Flame  Reactions. — M^Msten  a  clean  pUitinum  wire  with  the  solution  of 
metallic  siilt,  jtrefenibly  of  the  chloride,  and  hold  tt  in  the  flame  of  a  Bua^n  bui 
A  bright  yellow  color  of  the  ilame  mdicate^  the  presence  of  aodium.^ 
A  carmine-red  color  indicates  lithium* 
A  TtoieC  or  lavender  color  indicates  potassium. 
In  the  pte^^nce  of  sodium  the  violet  color  Is  maskedj  but  by  viewing  I 


/^ 
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_  L  A  piece  of  cobaJt-blue  gla^  the  vtotet  rays  of  the  potassium  may  be  seen, 
%rtiilr  the  yeUow  sodium  rays  aj^  shut  off. 

Asunomum  salts  give  a  faint  grx^emsb-ycUow  color  to  the  flame. 
Wet  ReACtioos.— The  mt:iaLs  of  this  group  are  pfcdpltat^  with  dliBcuhy 
bf  jca^Qts,  as  most  of  their  compounds  are  soiuble,     Thet^  h  no  reagient  which 
prec^utates  all  of  them, 

I.  Heal  a  snmlJ  portion  of  the  solution  in  a  lest -tube  with  a  solution  of  NaOH, 
msd  whik  &till  hot  ^meU  the  vapor  given  off.  Ammonium  compotmda  give  o^ 
NHp  Tbe  vapor  changes  a  moistened  red  litmus  paper  to  blue-  It  give^  a  white 
cloud  of  NH^CI  when  a  glass  rod  wet  with  HCI  is  thrust  into  the  open  end  of  ihc 
nbe. 

a.  Sodium  cobalt  nitrlie  solution  precipitated  potassium  salts  from  solutions 
^cd  with  acetic  acid  as  a  yclbw  prtrcipitate.    The  flame  reactions  ate  suffi- 
diaractemtic  for  Na  and  Li. 


^ 


COPPER  (Cupmm), 

Occurreiice.^This  metal  occurs  in  the  free  slate  in  large  masses^ 
or  ayaialiizccl  in  cubes  ajid  octabedra.  It  is  found  in  the  vicinity  of 
LaJcc  Superior,  in  China,  Japan,  Sweden,  and  in  the  Urals.  Its  most 
important  ores  are:  cuprite,  CujO,  malachite,  ami  azurite  (basic 
carbonates),  thalcocitei  CujS,  and  chalcopyrite,  or  copper  pyrites, 
CuFeS^. 

Pt^pftimtioa. — The  mixed  copper  ores  are  first  roasted  in  the  air, 
by  which  process  a  portion  of  the  a>pper,  if  a  sulphide ,  is  converted 
inl0  03dde,  This  is  then  roasted  with  a  silica  Hux  and  carbon.  By 
this  process  the  iron  sulphide  is  con%'erled  into  a  silicate,  and  is  drawn 
off  with  the  slag.  After  several  rcpelt  lions  of  this  process  the  so-called 
eo^er^^ona  is  obtained.  This  contains  both  the  sulphide  and  the 
ojode.  By  repeated  roasting  and  heating,  the  copf)er  oxide  reacts  upon 
the  sulphide,  and  metallic  o:)pi>er  results.    Some  poor  ores  are  first 

ted  with  sulphuric  acid,  and  the  resulting  sulphate  is  then  treated 
with  scrap-iron,  which  precipitates  the  copper  in  the  metallic  state. 
Ghcmically  pure  copper  is  obtained  by  electrolysis,  or  by  heating  the  pure 
oxkle  in  a  stream  of  hydrogen.  This  process  is  now  in  general  use  and  is 
taking  the  place  of  the  older  methods. 

Properties* — Copper  is  a  red  metal  by  reflected  light,  while  thin 
leaJets  transmit  a  green  light. 

It  is  soft,  ductile,  and  tenacious;  a  good  conductor  of  heat  and  elec* 
tricit}';  sp.  gr.,  8.914  to  8.952.  In  dr>^  air  it  undergoes  no  change,  but 
in  moist  air  it  gradually  becomes  coated  with  a  thin  layer  of  green  basic 
carbonate.  WTien  heated,  it  oxidiiSes  to  black  cupric  oxide,  CuO* 
Hat  sulphurict  nitric,  and  hydrochloric  adds  tliss^jlve  it,  viith  the  libera- 
tion of  iulpbur  dioxide,  nitrogen  dioxide,  and  hydrogen,  respectively. 
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With  organic  acids  it  forms  soluble  salts  in  the  presence  of  air  and 
moisture;  hence,  add  fruits  should  not  be  kept  in  copper  vessels. 

CUPROUS  COMPOUNDS. 

Of  the  cuprous  compounds,  only  those  with  the  halogens,  sulphur, 
and  oxygen  are  known.  These  are  very  unstable,  absorb  oxygen,  and 
are  wnN-erted  into  cupric  compounds. 

Cuprous  chloride^  subchloride,  or  protochloride,  Cu^Cl^ 
t>  produced,  together  with  cupric  chloride,  by  igniting  metallic  copper 
ta  chJprime  ara:s  ^^  by  dissolving  cuprous  oxide  in  hydrochloric  add 
without  contact  of  air,  or  by  the  action  of  many  reducing  agents  upon 
^»lui:iuo:>  o£  cupric  chloride.  It  is  a  hea\T,  white  powder,  rapidly 
ISfojming  screen  in  the  air,  owing  to  the  absorption  of  oxygen  and  the 
turtnation  uf  cupric    dbloride,  Cu<p}     It  dissolves    in  concentrated 

liyiiivchloric  acid,  but  not  in  water.  With  carbon  monoxide  it  forms 
d  crvsiaJIi^wible  compound.  Its  hydrochloric  add  solution  is  used  in 
jtitv  analysis  to  absorb  this  gas. 

CUpirous  iodide^  Cu^j,  is  precipitated,  together  >\ith  iodine,  from 
:$clubk  cupric  salts  by  potassium  iodide. 

2CuSO,  +  4KI  =  2K^O,  4-  Cu^,  +  U 

i>|Ei  itejohinjJ:  out  the  iodine  with  ether,  the  iodide  is  left  as  a  gray, 
itiA^jNle  powder. 

Caprous  cymnidey  Cu^Cy,,  is  obtained  by  treating  a  solution  of 
rupnc  ^IpKidite  with  {xnassium  cyanide. 

*CuSO,  V  4KCy  =-  3K^t>,  +  Cu,Cv,  +  Cv,. 

Cn^TMis  solphidey  subsulphide,  or  protosulphide,  CujS,  occurs 
in  the  mineral  chalcocite,  as  soft,  fusible,  gray  crystals;  also  in  many 
4o«l4^  sul|*kless  among  which  the  most  important  is  the  double  sulphide 
at  <v^(p|*r  *nd  in>n,  or  copper  pyrites. 

CifffOQS  oxide,  suboxide,  CujO,  occurs  in  nature  as  cuprite. 
H  ig^  ote)dii(<l  artificially  by  boiling  an  alkaline  solution  of  grape-sugar 
4IM  nVCppr  sulphate.  It  predpitates  as  a  bright-red  powder.  (Fehl- 
ilgpk  ad  TK«uner's  tests.)  The  hydroxide,  Cu2(OH)2,  is  predpi- 
br  ll«  alkatks,  from  hydrochloric  add  solutions  of  Cu^Cl,,  as  a 

CUPRIC  COMPOUNDS. 

ddnriA^  CuClj^  is  formed  by  dissolving  cupric  oxide  or 

ta  hydrochloric  acid.    From  aqueous  solutions  it  aystallizes 

Amnbic  needles  with  12H2O.    It  is  readily  soluble  in 


COPPER, 
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ud  ftkohol.     When  heated,  ti  parts  with  its  water  and  forms 
i  oipric  chloride,  which  at  a  red  heat  gives  off  chlorine. 

aCuClj  +  heal  —  Cu,Clj  +  Cl^. 

C^lpric  bromide  resembles  the  chloride.  The  iodide  is  unstable 
and  decumposes  rapidly  into  iodine  and  Cu^I^. 

Ctt^rk  oxide,  binoxide,  black  ozlde^  CuO,  is  prepared  bv  heat- 
ing cxifiper  turnings  to  redness  in  the  air,  or  by  calcining  the  nitrate. 
k  fonm  «  black,  amorphous  powder,  readily  reduced  \o  the  metallic 
stale  ifben  h^ted  with  charcoal,  hydrogen,  or  the  alkaline  metab. 
If  bealed  in  the  presence  of  organic  substances,  it  oxidizes  them  com- 
pletely, and  is  thereby  reduced  to  the  mctaL  It  is  used  in  organic 
aoalysks  for  this  purpose. 
^Cniiric  hydroiide,  Cu{OH)j,  is  formetl  as  a  voluminous  bluish- 
pnrdpitaie  when  sodium  or  potassium  hydroxide  is  added  to  a 
t  of  m  copper  salt.  WTien  heated,  even  under  water,  it  becooies 
1  and  changed  to  black  cupric  oxide. 
tipfic  03dde  and  hydroxide  dissolve  in  ammonium  hydroxide, 
:  a  dark-blue  solution.  This  solution  is  often  used  a^  a  solvent 
hr  ceUolofe,  from  which  adds  precipitate  it  again. 

Cnpric  sulphate^  blue  vitriol,  blue  stone,  cupri  sulphas  (U,  S, 

f*,  Br*),  CuSOj .  sHjO,  is  the  only  official  sidt  of  cop(XT.     It  may  be 

1,  first,  by  roasting  chalcocite;  second,  frum  the  water  of  certain 

cupper  niiiics;    third,   by   exposing    a)pjjer,   moistened   with   diluted 

«(lraric  add,  to  the  air;    ftiurth,  by  dissolving  copper  oxide  in  hot, 

'  solphuric  add, 

CwO  ^  H|SO^  *  CuSO,  +  H,0. 

hrge^  bhie»  iricHnlc  cn^stals,  which  dissolve  in  2.6  parts  of 
at  ij**  C.  (59**  F.),  and  in  0,55  part  of  water  at  100°  C  {212° 
F  ).  It  lo0e$  fcmr  molecules  of  water  at  100^  C  (212''  F),  while  the 
filth  depaimles  abo%T  200^  C\  (392"^  F.),  leaving  a  while,  amorphous 
powder,  wHidi  rniilily  takes  up  water,  and  in  hi  doing  resumes  its  blue 
cnlar.  SolutMio^  of  copper  salts  have  a  blue  color,  add  readion,  and 
MtatSc«  itjTpdc  taste. 

AQunomum  hydmxidc  added  to  a  solution  of  copper  sulphate  |>re- 
cipilalts  ft  bhiisli-ivhite  inif>ric  hydioxirle,  which  dissolves  in  an  excet^s 
of  the  »lkjali,  forming  a  ilc^p-bhR^  s*>luiion  consisiinj^  of  ammonio- 
■l||iiri  of  copper»  or  cupric -tetrammooium  sulphate,  Cu(Niy  ^ 
SO( ,  ff,0.  This  solution  i^  us^nI  as  a  test  for  arsenic.  Alcohol 
piedpilaieft  (rom  this  ioluiion  long,  right  rhombic  prisms  of  nipric- 
liliafliiDoaiuni  sulphate,  which  are  ver>'  soluble  111  water. 

Copcic  sulphate  ah«fj  entcn  into  the  alkaline   cupric  tartrate 

"^  '     ^FchliJig's  solution. 
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Cupric    Carbonates. — The    neutral    carbonate,    C11CO4,    is  not 

known.  WTien  alkaline  carbonates  are  added  to  solutions  of  copper 
salts,  the  basic  carbonate  separates  as  a  green  predpitaie,  having  the 
formula  CuCOa  *  2Cu(OH)3.  This  salt  occurs  in  nature,  especially  in 
Silieria,  as  malachite.  Another  basic  salt,  tricupric  carbonate,  or 
sesqtiicarbonate  of  copper,  composed  the  beautiful  blue  mineral, 
azurite. 

Copper  arsenite,  Scheele's  green,  is  prepared  by  adding  a  solution 
of  sotliuni  or  potasi^ium  ari^nilc  to  a  solution  of  a  copper  salt,  or  by  the 
addition  of  the  above  solution  of  Cu(NHJ^SO, .  H^O  lo  arsenious 
acid  or  any  soluble  arsenite.  It  is  a  green  powder,  comix>scd  of  copper 
arsenite  and  copper  hydroxide.  It  is  insoluble  in  water,  but  soluble  in 
ammonium  hydroxide  or  the  mineral  adds.  It  is  exceedingly  poison- 
ous, but  is  often  used  as  a  pigment  lo  color  wall-papers,  toys,  ami  ev^n 
confectioner>^ 

ScbweLnfurt  green,  niitis  green,  or  Paris  green,  Cu(C3H30j), .  - 
jCiiO^As^^  is  the  commonest  and  most  dangerous  of  the  cuprD- 
arsenical  pigments.  It  is  prepared  by  adding  a  concentrated  solution 
of  cupric  acetate  to  a  boiling  solution  of  arsenous  add.  It  is  an  in- 
soluble, green,  crystalline  powder,  decomposed  by  prolonged  l>oiIing 
in  water,  by  aqueous  st>lutions  of  the  alkaJies^  and  by  the  mineral 
acids.     It  is  soluble  in  ammonium  hydroxide. 

Ctiplic  acetate  I  Cu(C2H^02)3^  is  formed  by  the  decomposition  of 
a  solution  of  copjier  sulphate  by  lead  acetate.  It  crystallizes  in  lar^ 
bluish-green,  prismatic  crystals,  with  one  molecule  of  H^O,  which  it 
loses  at  140^  C.  (284^  F.}.  The  drj-  salt,  when  heated  to  250*^  C 
{482°  F,),  decomt>o&cs,  with  the  liberation  of  gladai  acetic  add. 

Basic  Acetates,— Verdigris,  cupric  subacetate,  is  a  complex 
mixture  of  copper  acetate  and  hydroxide*  It  is  prepared  l>y  exjxjsing 
to  the  air  piles  comjx)sed  of  alternate  liiyers  of  grape-skins  and  copper 
plates,  and  after  some  time  removing  the  bluish-green  coating  from 
the  plates.* 

Copper  Pigments,— The  most  important  are:  Brighton  green, 
a  mixture  of  copper  acetate  and  chalk;  Brunswick  green^  originally 
an  impure  chloride,  but  now  generally  a  mixture  of  the  carbonate  and 
chalk;  motmtain  green,  or  mineral  green,  a  native  green  carbonate 
of  copper,  stjmetimes  containing  or]>iment;  Neuwieder  green,  a  mix- 
ture of  mineral  green  or  Scbweinfurt  green  with  gypsum  or  barium 
sulphate;  green  verditer,  a  mixture  of  the  basic  carbonate,  the  oxidcj 
and  chalk* 


*  The  terra  "  venHgna"  Is  now  often  poptilArly  applied  m differently  to  the  gitcn 
carbonates,  hydroxides,  or  salts  of  oigaiuc  adds  which  accumulate  on  Uie  surface 
of  copper. 
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Toxicological  Action.— Copper  sujphaie  is  frequently  used  as 
IB  tsirirjgenl  in  medidne,  <ind  has  been  recommended  in  cholera  and 
dl^'senleric  troubles.  This  salt  may  be  taken  in  considerable  doses, 
^th  only  an  emetic  effect.  Until  recently  loxicologists  were  uni- 
,  voialfy  ol  the  opinion  that  all  the  copper  sails  were  fwisonons.  Of 
^ki%  howe%'er,  this  has  been  considerably  mtjflified.  Most  of  the 
^^^pCT  compounds  have  an  irritant,  local  action  if  brought  into  contact 
^^M&  iJje  gastric  or  int^tinal  mucous  membrane,  causing  vomiting 
■  o(  givenish  nmtter,  cramps,  etc.  On  the  other  hand,  there  are  numer- 
H  i»s  inesrtatices  in  which  severe  illness,  characterized  by  nervous  and 
B  odicr  oooslituuonal  symptoms,  ha^c  followed  the  use  cf  food  that  has 
"  bem  in  contact  with  imperfectly  tinned  copper  vessels.  Some  such 
ones  bai^  proven  fataL  It  has  been  conclusively  shown,  however, 
1^  |nm  ami  non  irritating  copper  compounds  may  be  taken  in  con- 
_    tidenible  quantity  vrithout  any  bad  results. 

B        Cises  of  acute  poisoning  are  not  cummon,  but  some  are  recorded. 

I  OtoiMic  pajstming  15  occasionally  seen  in  those  who  work  in  copper, 

B  ikixmclcnzeci  by  colick)'  pains,  emadation,  impaired  digestion,  diar- 

H|fep, mod  often  a  catarrhal  cough.     In  most  cases  there  is  a  green  line 

^^f  llie  nui^n  of  the  gums.     Cop;>er  is  ver>*  likely  to  become  con- 

^FSniiaBled  with  arsenic;    and  it  is  possible  that  some  cf  the  cases  of 

B  HIIMieil  copper  |x>isoning  ought  to  be  attribute^l   to  arsenic.    The 

Qt^nk  sa!l3i  of  cupper  seem  to  be  more  imisonous  than  the  inorganic. 

CiffftH  pea£,  pickles,  and  other  fruits  are  often  contaminated  with 

lOpperi  and  the  manufacturers  have  frequently  been  punished  by  lines; 

hot  Am  exists  a  diflfi^rence  of  opinicjn  as  to  the  dangers  of  copper  in 

flidi  pxids.    As  long,  however,  as  there  is  a  chance  for  doubt,  sanitary 

shfmkl    prohibit   its  use.    The   diemist   must   remember 

arfitlcs  oi  food  contain  traces  of  copper, 

Tht  :ii  of  atses  of  irritant  copper  jioisoning  shoukl  consist 

ii  the  i  Tt  of  milk,  white  of  egg,  and  other  albuminous  sub- 

with  which  the  copfier  salt  may  form  an  inert  compounds 

should  be  tnduce«l  if  it  has  not  taken  place  spontaneously. 


SILVER  (Argentum). 

I.— This  metal  occurs  in  nature  !n  combination  wnth 
timmlne*   iodine,   sulphur,  arsenic,  copper,  antimony,  etc, 
T^^  les  in  whiih  U  b  found  are  the  western  United 

[§Uir-.  ,i*L«ji..*.  ;  L.  u,^arj%  and  Saxony, 

ll  m  found  native  to  some  extent.    The  lead  ore,  galena,  furnishes 
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much  silN-er.  Sil\'er  occurs  in  two  allotropic  forms, — \'iz.,  the  ordmaij 
form  and  the  colloidal  or  soluble  form,  known  as  coUargolum  or 
coilargoi,  used  in  medicine. 

Preparation. — For  a  description  of  the  elaborate  processes  by 
which  <il\-er  is  extracted  from  its  ores,  the  student  is  referred  to  works 
on  meijJiiirg}-.  .\s  usually  obtained  by  these  processes  the  metal  is 
Ek>t  pare,  but  is  contaminated  to  a  greater  or  less  extent  by  copper  and 
other  nnet.il>.  To  obtain  it  chemically  pure,  the  ordinarily  occurring 
sii\Tfr  is  disaoh-ed  in  nitric  add,  and  from  this  solution  of  the  nitrates 
silver  is  precipitated  as  chloride  by  hj-drochloric  add  or  conmion  salt. 
The  silx-er  chkmde  thus  obtained  may  be  reduced  by  fusion  with  sodium 
carbonate,  or  bv  the  action  of  zinc  or  iron  in  the  presence  of  water  and 
HCl. 

2.\gCl  -I-  Zn  =  ZnCI,  +  2Ag. 

The  clectn>lnic  process  of  refining  silver  is  much  employed  in  this 
countn*. 

Properties. — It  is  a  brilliant  white  metal.  Its  sp.  gr.  is  10.47  to 
10.54.  ll  iji  tolerably  malleable,  soft,  wrj'  ductile,  and  is  the  best- 
known  a>n»iucior  of  heat  anii  electricity.  It  does  not  oxidize  in  the 
air»  but  frei^ucTJiiy  r.am:>shes  in  oixlinar}'  atmospheres  from  the  presence 
of  minute  quA:^:i:x^  02  hwiiv^n  sulphide,  which  blacken  it.  It  unites 
directly  \^-ith  the  :^vmber>  of  the  halogen  group.  It  dissoh'es  in  hot, 
strong  sulphurix^  AcrL  u>  K>rm  the  sulphate.        f 

A&  -  !lp:o,  =  Ag^O,  +  H^ 

It  is  more  easily  a;tackevi  by  nitric  acid,  which  dissolves  it  with  great 
readiness,  ewn  when  lor^^iy  diluted. 

In  onler  to  gi\-e  it  the  necessLir>-  hardness  for  use  in  the  arts,  it  is  usually 
4^lk\viMl  with  aipper.  Cv>in-sil\-er  cv^ntains  ten  per  cent,  of  copper 
fen  llu*  United  States,  France.  Germany,  and  Austria.  The  English 
>JXiiUuv<  ciMitains  92.5  per  cent,  of  silver.  Colloidal  silver  is  a  dark- 
y\»<ii^iv\i  |Hnvilcr  soluble  in  water  and  in  albuminous  fluids.  It  is  used  in 
iftv*  :^*vtMi\aion  of  unguentum  Crevle  useii  in  medicine  as  a  germiqjde. 

\::\*..  K'l  \x'iv  inurh  used  for  axiting  articles  made  of  the  baser  metals.  This 
A  «o.*s  ^>  ^,•^^  ^»^»lysis.  The  object  to  be  plated  is  made  the  cathode  (negati\'e 
v»vv«wsu, '    »  K>  .i  Mlvrr  plate  the  anode.     The  s^^lution  consists  of  a  solution  of 

-i^^.    >.*.*;ik    iit  |K»u^^ium  cyanide. 

>^>^  yWwid^j  AgCl,  is  formed  as  a  curdy,  white  predpitate 
^»  Nv>  ^v\  \w»iv4,hU»jric  acid  or  a  soluble  chloride  is  added  to  aqueous 

-VN^S  ♦■  HCl  -  AgCl  +  HNO^ 
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bkiDSDltible  m  add s^  but  5<jluble  in  solutions  of  alkaline  cbJoddes, 
I  l^posuiphitcb,  and  cyanides,  and  freely  so  in  aminonium  hydroxide, 
fit  tnav  \m  ci>'stailized  from  anunonkcal  solutions  in  large,  regular 
I  MibedtB* 

Slvtr  hromide,  AgBr,  precipitates  from  solutions  of  sOver  salts 
om  the  additioD  of  hydrobromic  acid  or  a  soluble  bromide. 

AgXO,  +  HBr  =  AgBr  +  HNO^ 

Vilh  Ibe  exception  of  bemg  less  soluble  in  ammonium  hydroxide,  it 

f  doedy  r^iembles  silver  chloride. 

Slver  lodidCi  Agl,  differs  from  the  chloride  and  bromide  in  its 
jvOow  color  ajKl  insolubility  in  ammonia.     Actinic  rays  of  light  change 

cnlor  of  silver  chloride,  bromide,  and  iodide,  first  to  violet,  then 
IvnvB,  and  finally  black.  The  bromides  and  iodides  are  more  sensitive 
10  E^  tban  the  chloride. 

Sihr^  oxide^  silver  monoxide,  silver  protoxide,  argenti  oxidum 
(U.  S-  I**,  Br.),  AgjO,  is  precipitated  from  solutions  of  s<jluble  silver 
mbk,  hf  sodium  or  potassium  hydroxide,  as  a  dark-brown,  faintly 
pawder,  slightly  soluble  in  water, 

sAgNQ,  +  *EOH  -  A&O  +  aKNO,  +  H^O. 

Mrong  basic  properties.    It  readily  gives  up  lis  oxygen  when 

It  should  not  be  tritu rated  with  substances  which  are  readily 

^      Wiihabic  or  combustible,  a*  it  is  easily  reduced.     When  the  solution 

in  aniDDomm  h\tin>xifle  is  evaporated,  there  separate  black  ciy^stals 

•f  aa  eiplosivc  corofKiund,  Ag^O.  aNHj,  which^  when  dry^  explode  on 

tfe  ilif|itC34  dbturkince. 

SIkrer  intexidei  AggO^  and  silyer  peroxide,   AgO  or  Ag^O,, 

SStw^T  sitimtet  argenti  ultras  (U.  S.  P.,  Br.),  AgNOj,  is  prepared 

l^dissoiving  pure  siUfritt  u  st>raewhat  diluted  nitric  acid,  evaporaling, 

RemuUiiiQgt  *«d  wiabjng  with  strong  nitric  acid.     It  separates  in 

^Itt^  aobinlfDCtA  pktea^  soluble  at  oniinary  lemj)eratures  in  one  part 

^b  Wiler  or  twenty  si sf  parts  of  alcohol,  iind  forms  colorless  solutions. 

^f    On  exposure  to  light,  in  the  presenct?  of  organic  matter,  its  solutions 

■feun  bbck  and  depoe^it  metallic  silver     It  has  lieen  proposed  to  use 

Ikii  itactiofi  an  a  lest  for  organic  matters  in  potable  waters.     Chlorine 

and  iodiJie  dtcompotm  it,  i^nih  the  lIlM^ration  of  anhydrous  nitric  acid 

aad  tfir  f6n]V&ti<>ci  of  a  diloride  or  an  iodiile.     When  fused  and  cast 

imo  cyibvirJcail  motth.  it  forms  the  argent!  nltras  fusus  (U.  S.  R)t 

ur  Ifliiar  cAttStk  i.icy.    Argenti  nitras  mitigatus  (l\  S.  P., 

fc),  (miti>?uted  i  -         ,.  !^  *ii^  otTicbl  prepanitiun,  m^ide  by  melting 

thiity  parts  of  &il%t:r  nitnitc  and  sixty  parts  of  potassium 
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niiraif .  :L>i  c&siing  in  suitable  molds.  This  salt  is  also  used  in 
:o.»:.4r':^:*"ry,  in  ihe  manufacture  of  hair-dyes,  marking-ink,  and  in 

Silrer  cruide,  aiigenti  cyanidum  (U.  S.  P.),  AgCN,  precipitates 
:r.«Tr  >LNcr  r.iiriie  fk»luiions  as  a  while,  curdy  mass,  on  the  addition 
.»:  :v.:->s:-rr.  .r  s^idium  cyanide.  It  is  freely  soluble  in  an  excess  of 
:r»:  TT-iUr-:.  1:  i>  ^i>.^  stj-luble  in  ammonium  hydroxide  .and  sodium 
:"\>-::*n-:f,  bu:  :<  nv>i  acTeaed  by  light.  A  solution  of  this  com- 
:v  ,.:v'.  :r.  :vc-5c2ur::  OMnide  is  used  as  the  plating  bath  in  electroplating 

Oriiuxk  SOrer  ConqKrands.— Protargol  is  a  compound  of  silver 

V  :-  ^  '.'•r^cri,:,  .\^r-:-:rini:  eight  per  cent,  of  silver,  occurring  as  a  yellow 
v  V  .<r  s-O^M-e  ir.  w.iicr  up  to  fifty  per  cent.  It  is  not  predpi- 
;,  ::*.  r  •  „lSurr.:r.  v-r  :he  soluble  chk^ndes.  Argyrol  is  a  compound  of 
X  .-  '  ;:.  ::il::r..  .vr.iuirir.i:  ihiry  per  cent,  of  silver,  readily  soluble 
■     ^  . .;:  j-v;  n.-:  :  redpi::ned  by  albumin  or  soluble  chlorides.     Both 

♦v^'   .\  -  v«L->,:>  .:re  er^.i^kyed  as  germicides  in  medicine  in  one  to 

^.trr  Silrs  ia  Photogrtphj. — The  properly  of  undergoing 
^\  , ,  V  r  ,  ,  ^r  :-.v:.,IlL-  >::.:e,  I  y  xhe  action  of  light  and  organic  matter, 
:  .  v,^    X  --  .^v:  :v-h>  useful  :r.  pbv^u^xiphy. 

V  c  ::  pS,c.>crj.:^h  j  ix^^itive  is  first  prepared,  as  follows:  A 
-w  V  .1  ^..NN  ycv'X-^ujCv  well  cje.ined,  is  evenly  covered  by  floating 
,  o  ;  >v  V.;.', --  ,!  .vlisxi:.  r.  a  s^^luiion  of  pyroxylin  in  ether  and 
•o.'v       ,    *:     '  \:  i  srr^,ll  cuar.:i:y  of  i^xiide  or  bromide  of  potas- 

V  -       -.      V  *  .    o,-.     vV  .i-.i^iKT^i:  the  plate  into  a  solution  of  silver 

v\\  '\"^  ,\v.:i\:  ^^::h  a  Lyer  of  silver  iodide  or  bromide. 

V  .  .\>>.  V  *  :v  ,u.*vr,.,  i:  :>  uken  to  the  dark  room  and  "de- 
^%v^N.N\i^*  Vv  *  *.^  ^  V  *i  ::  ,;  >v^iu:ion  ci  p}Togallic  acid  or  ferrous 
^     .'     ,       ■  ,"    \v„A-s  :v  silwr  sahs  to  the  metallic  state  on  that 

V*  .        c     ...";",.;   -,:>  -xxn  actcvi  u|x>n  by  light,  and  makes 

.  \  -   V      ,  *        -.    .;  ■>  •:*  t'.is^  ,:  sheet  of  albuminized  paper,  pre- 

^  *    >^      V.   A    .  \  -  ,    >;.  ,L:vr:  of  silver  nitrate  and  dried,  is  placed 

V  '  V  v  v.%  .V  .  ^  ;\;a\^\:  :,^  a  sironi:  light.  The  same  action 
.V. >     ..  .V   .  \  '  ,v    v.vr.  :hc  *.:ch:s  upx^n  the  negative  becoming 

...  <  .  V.'  .V,'  -.v  v"  Pv  i:v*.vs?:^  :>  "fixevi"  by  dissohing  off  the  un- 
,:<.\\'.*\\'vv.\-  N^Svc  ^v.'i  ^  s.*Iu:k^r,  or  ioiium  h\-posulphite. 

GOLD  ,Aunim>. 

W<urnMKi».     N\i:ive  i:v>M  vxvtirs  widely  distributed,  though  in 
>jiK4"  v.|ua'K'i:cx     li  i>  N*.  ntctin^s  found  in  the  form  of  beautiful  crj'stals, 


GOLD< 
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;  lo  tile  cubical  system,  bul  generally  as  veins  in  quartz.     It  is 
'  tonmd  in  the  beds  of  various  rivers,  in  the  fonn  of  a  granular  dusL 
The  diiel  localities  are  the  United  States  (Colorado,  Nevada,  Alaska), 
South  Amcnm,  Canada,  TraDSvaal,  Hungary,  the  Ural  Mountains,  and 
This  may  be  separated  by  simple  washing,  the  sitnplest  device 
:  llie  **  pan,"  which  is  a  round  dish  of  sheet -iron,  with  sloping  sides, 
twdi^  or  fourteen  inches  in  diameter.     This  pan  is  about  half 
I  with  the  mud  and  sand  to  be  washed,  and  is  held  in  a  stream 
of  water  and  pDlated  in  such  a  way  that  the  lighter  material  is  carried 
away  and  ihc  gold  left,     Wlien  larger  quantities  are  to  be  washed*  the 
•€i»dlc**  h  used.     The  gold-dust  so  obtained,  or  the  gold -quartz 
wUdb  has  been  puh-erized,  is  treated  with  mercurv*,  which  forms  an 
"iMipim  with  the  gold.     This  amalgam  is  then  placed  in  a  retort  and 
^— tH      The  tnercury  distils  over,  leaving  the  gold  behind.     It  also 
0CQa%  as  a  Ictluride.     The  gold  is  extracted  from  this  by  treatment  of 
tftt  powdereil  ore  with  a  solution  of  potassium  cyanide. 

Firopei'LLes. — Gold  is  orange -yellow  by  reflected  light  and  green 
hf  traiijifnitted  light,  and  is  very  ductile  and  exceedingly  malleable. 
h  fans  at  1200**  C  (1193^  F,)*  has  a  sp.  gr  of  19.36,  and  is  a  good 
CDoductor  of  heat  and  electricity.    It  retains  its  luster  even  at  high 
turrs.     It  is  n«L)l  afFetted  by  any  single  acid  or  by  alkaline  hy- 
A  mixture  of  niiric  and  hydrochloric  adds  readily  dissolves 
itt  fiffifwiing  a  solution  of  the  chloride.     It  combines  directly  with  the 
hlnpniT  and  with  phosphorus,  antimony,  arsenic,  and  mercury.     In 
kwdliiig  bfomine  or  mercury,  care  should  be  taken  that  they  do  not 
^iDiise  in  CDOtact  with  rings  or  other  gold  Jewehry,  lest  they  be  attaclted. 
H^    Dae».**Gtild  preparations  are  not  extensively  used  in  medicine, 
Hll  i»  c3acn*i\*cly  employed »  however,  in  the  manufacture  of  jewelry, 
■and  for  cuiiMf^.     For  either  of  these  purptjses  it  is  too  soft  to  be  used 
abac;  but  t»  always  aUoTOl  with  either  cop^jer  or  silver.     In  estimat- 
ing the  fiiicfiesa  of  gijld  in  jewelry,  it  is  divided  into  twenty -four  equal 
patta.  caJkd  carats*     The  alloy  is  said  to  l)e  of  so  many  carats  fineness 
whcm  H  contsiitis  ihal  numl)er  of  twenty-fourths  of  pure  metal*     Eigh* 
iBSi-cmmt  pM  is,  then,  J|  gnld  and  six  carats  base  metal. 

Ulcfr  h  abti  a  colloidal  ^-uricty  said  to  lie  pa*j>iired  by  rcilucing 
h^ilJf  alkahftc  solutions  of  gold  with  form^ddehyde,  and  dialy/ing'the 
{■odnct  II  is  soluble  in  water,  i\nd  resembles  the  colloidal  varieties 
•4^  liJ*ef  and  locrrunr - 

Aaroof  cT'  " "  \uCl,  is  a  pale  yellow,  insoluble  powiler,  formed 
hf  Icating  at  1  le  to  kx)^  C,  (39^^  F.). 

Aitri  mi  iodii  ebloritluna  (U.  S.  P.),  AuCl, .  NaCl,  is  used  in 
ll  i«t  a  yellow,  dchqiirscent  solid,  having  a  saline,  metiillic 
Mml  axi   acid  mictioii.    It  h  soluble  in  water  and  in  alcohol. 
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It  is  not  ft  cheraical  compound,  but  a  mixture  of  auric  chloride,  AuCl 
and  sodium  chloride,  NaCl,  in  equal  parts  by  weight.     It  is  deoom] 
by  heat  J  and  metallic  gold  sermrates. 

Auric  chloride,  gold  trichloridei  AuCl^,  occurs  in  deliquescent 
prisms,  si3lublc  in  water,  alcohol,  and  ether.  With  phosphorus,  or  with 
reducing  agents,  h  is  readily  decomposed,  with  the  separation  of  gold* 
When  in  solution,  it  gives,  with  stannous  chloride,  a  Ijeautiful  purple, 
flocculent  precipitate, — purple  of  Casslus^ — which  is  used  to  oma- 
ment  glass  and  porcelain.  Auric  chbridc  is  used  in  photography  for 
**  toning,"  The  silver  print  is  placed  in  the  gold  solution,  when  melallic 
gold  is  deposited  upon  the  silver  picture,  thus  giving  it  a  yellow  tint  or 
**tone," 

Aurous  o^de,  Au^O,  is  a  dark  violet  powder^  formed  by  the 
action  of  potassium  hydroxide  upon  aurous^hloride,     Hydrodiloi 
add  changes  it  into  auric  chloride  and  gold. 

Auric  oxide,  Au^O^,  is  prepared  by  digesting  magnesium  oxide 
a  solution  of  auric  chloride,  decomposing  the  magnesium  auraie  with 
nitric  acid,  and  drying  the  residue  at  loo^  C,  (212''  F,).  It  is  a  dark 
brown  pjowder,  which  decomposes  easily,  and  unites  readily  with  posi- 
tive oxides  to  form  auratas,  having  the  general  formula  RAuO^* 
It  will  thus  be  seen,  from  its  behavior  with  oxygen,  that  gold  is  dlh( 
monad  or  triad. 
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Glucinuni,  Gl  ■ 
Calcium,     Ca  ■■ 
Strontium,  Sr 
Barium,       Ba 
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The  metals  of  this  group  are  called  metals  of  the  alkaline  earth 
because  their  oxides  resemble,  on  the  one  hand,  the  oxides  of  the  alkaii 
metals,  and,  on  the  other,  the  real  earths  (alumina,  etc.)-  Like  the 
potassium  group,  their  chemical  energ>-  increases  gradually  with  their 
atomic  weights.  Their  basic  properties  also  become  greater  with  their 
atomic  weights.  Thus,  barium  decomfxjscs  water  more  energetically 
and  oxidizes  more  readily  than  strontium  or  calcium.  Barium  hy- 
droxide is  likewise  the  stmngest  base.  It  is  quite  soluble  in  water.  It 
fuses  without  decomposition  and  absorbs  carbon  dioxide  rapidly  from 
the  air  Calcium  hydroxide  possesses  weaker  basic  properties,  is 
difficultly  soluble  in  water,  and,  when  ignited,  breaks  up  into  water  ami 
calcium  oxide*     Strontium  stands  between  barium  and  calcium..     Thu 
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aliliougb  these  metals  refiemble  the  alkali  metals,  both  in  their  free  stale 
mnd  as  h)*<lraxides,  ihey  differ  essentially  imm  them  in  the  insolubility 
of  their  carbonates  and  phosphaieSj  and  still  more  at  their  suJphat^.. 
Barium  sulphate  is  insoluble  in  water  and  acids. 

GLUCmUM  (BeryUium), 

Tlus  h  one  of  the  rarer  metals,  found  m  beryl,  A  1,0, ,  jBcOSiOj,    That 
«mfiety  cif  beiyl  colored  ^ten  by  Uates  i>f  chrvmiutn  is  the  gem  known  as  emermld. 


CALCroM, 

Occamence. — Thi^  metal  forms  one  of  a  class  of  elements  most 
widely  distributed  in  nature.  Its  carbonate  (limestone,  marble,  and 
chttlk),  its  sulphate  (gypsum  and  alabaster),  and  its  phosphate  (phos- 
phorite^ apatite),  fluoride  (fluorite),  and  silicate  are  common  minerals. 

Preparatioil- — Calcium  may  be  obtained  by  electn>lysis  from  the 
fusefj  chloride,  or  by  heating  calcium  iodide  with  sodium,  or  calcium 
dUodde  with  sodium  and  zmc. 

Properties*^ It  is  a  light  yellowj  lustrous,  ductile  metaL  It  fusc^ 
at  a  red  heat,  docs  not  sensibly  volatilize,  and  bums  fn  the  air  with  a 
tinUi^nt  reddish -ye How  light.  It  does  not  undergo  oxidation  in  dry 
air,  but  in  moist  air  covers  itself  with  a  layer  of  hydroxide.  Its  sp. 
gr.  is  1.577. 

COMPOUlfDS  OF  CALCIUM. 

Calcium  chloride,  calcii  chloridum  (U.  S.  P.,  Br.),  CaCI,,  is 
prepartxl  by  tlie  action  of  hydrocbloric  add  upon  marble.  It  crystal- 
Usees  with  six  molecules  of  H3O,  in  large,  six-sided  prisms,  which  are 
bitter,  deliquescent,  ami  ven'  soluble  in  water.  If  heated,  it  melts  in 
Its  w:ater  of  crystal lixation,  with  some  loss  of  water.  At  about  200^  C. 
(391**  F.)  it  becomes  anhydrous.  The  fused  calcium  chloride  is  the 
ciffidal  salt.  It  is  a  white  mass,  slightly  translucent,  ha%ing  a  sharp, 
saline  taste,  but  no  odor.  The  dry  salt  is  a  white^  porous  mass,  which 
fiises  at  a  red  heat  and  solidifies  to  a  ciy^stalline  mass,  which  rapidly 
aiiSf)H}5  water  and  is  used  as  a  drying  agent  for  gases  and  liquids 
*Hher  than  water.  Calcium  iodidej  Calj,  and  the  bromide,  calcii 
bromidum  (U.  S.  P.),  CaBrj,  are  very  similar  to  the  chloride. 

Calcium  fluoride^  CaFj,  occurs  native  as  fluor-spar  or  fluorite  in 
the  form  of  cubes  often  colore<J  blue  or  amethyst,  and  also  amorphous. 
It  is  inMvluble  in  water,  and  fuses  at  a  red  heat.  It  is  used  as  a  flux  in 
metal lurglcsil  processes,  and  is  employed  as  a  source  of  the  fluorine 
compounds,     \\lien  treated  with  H^SOi  it  evolves  HF. 
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Chlorinated  lime,  bleaching  powder,  calx  chlorinata  (U.  S,  P, " 
Br.),  is  a    mixture  of  calcium   diloride,  CaClj,   and   calcium    hypo- 
chlorite,   Ca(C10)j,    or   it   may  possibly  have  the  comf)ositioii  rep- 

OCI 
resented  as  follows:  Ca  -:^^   .   The  hypochlorite  is  the  active  principle. 

It  is  prepared  by  passing  chlorine  over  slaked  lime. 

From  the  analogous  action  of  chlorine  upm  sodium  or  potassium  hydroxide,  ^ 
may  express  the  reaction  in  the  case  of  calcium  hydroxide  by  the  foUowiDg  equatiou 

3Ca(OH)3  -j-  aCl,  =  Ca(OCI},  +  CaClj  -h  iH^O. 

According  to  this  equation,  the  completely  chlorinated  chloride  of  ilme  must 
contain  48*9  per  cent,  of  chlorine,  which  is  never  the  case,  as  a  portion  of  the  cal- 
cium hydroxide  always  remains  unchanged.  The  exact  constitution  of  chloride 
of  lime  is  in  doubt;   but  from  more  recent  obsen'aUons  it  ia  believed  by  some  that 

OQ 
the  active  constituent  of  chloride  of  lime  is  a  hasic  caJcfum  hypochlorite,  tTa^C^o 

and  the  following  reaction  taltes  place  when  chlorine  acts  upon  calcium  hydioxide: 

3CaCOH)3(  +  aClj  -  aCaO^Cl  +  CaCl,  +  aH^O, 

Calculating  from  this  equation,  completely  saturated  chloride  of  lime  contai; 
only  thirty -nine  per  cent,  of  chlorine,  which  ia  found  to  he  actually  the  case. 

Others  regard  chloride  of  lime  as  a  chlorohypochlorite,  having  the  graphic 
formula  CaCl  —  O  —  Clj  and  formed  according  to  the  following  reactit>n:  Ca- 
(OH),  +  Clj  =  CaOClj  +  HaO.  It  is  claimed  that  wheti  this  compound  is  d^ 
solved  in  water  it  decomposes  into  CaOjClj  and  CaCl^.  This  idea  of  its  composi- 
tion seems  to  mc  improbable* 

ChLortnated  lime  is  a  grayish -white  powder,  having  a  bitter, 
acrid  taste  and  a  chlorine-like  odor.  It  is  alkaline  In  reaction^ 
soluble  in  cold  and  decomposed  by  boiling  water.  It  slowly  decom- 
poses in  the  air,  the  carbon  dioxide  liberating  hypochlorous  oxide, 
This  decomposition  is  hastened  by  sunlight  and  heat, 

Ca(CiO),  +  CaClj  +  2CO,  =  jCaCO,  +  aClj. 

Diluted  mineral  acids  decompose  it  %'ery  rapidly,  with  the  liberation 

of  chlorine.  M 

CaCC10)g  +  CaClj  +  4HCI  ^  aCaCl,  -h  aH^O  -I-  aCl^  " 

The  efficicnq?  of  chloride  of  lime  as  a  bleaching  and  disinfecting 
agent  depends  upon  this  production  of  free  chlorine.  The  amouni 
that  will  be  set  free  by  acids  is  called  the  available  chlorine.  The 
official  calx  chlorinata  should  contain  not  less  than  thirty  per  cent. 

Calciimi  oxide,  lime,  call  (U.  S.  P,,  Br),  CaO,  is  obtained  pure 
by  igniting  the  carbonate  or  nitrate.  On  a  large  scale  it  is  prepared 
commercially  by  heating  the  natural  carbonate  (limestone  or  marble) 
in  rude  stone  furnaces^  called  hme -kilns.  It  is  a  grayish-white»  alkaline, 
and  caustic  amorphous  solid.    Sp,  gr,,  2.3.    It  does  not  fuse  at  any 
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emperature  at  our  command.  When  the  oxy hydrogen  dame  is  thrown 
upon  it.  It  becomes  incandescent  and  emits  an  extremely  intense,  while 
light  (calcium  or  Drummond  Hght).  It  combines  energetically  with 
water  to  form  the  hydroxide,  the  proce^  being  known  as  slaking,  and 

ris  attended  wiih  the  evolution  of  much  heat. 
f  CaO  +  H,0  -  Ca(OH)^ 

It  Ls  used  for  making  building  mortar.  WTien  lime  is  exposed  to  the 
air  for  some  days,  it  absorbs  moisture,  becomes  air-s!aked,  and 
crumble  to  a  powder- 
Calcium  hydroxide^  slaked  lime^  calcii  hydras  (Br.),  Ca(OH)„ 
is  a  dry%  white  powder,  odorlesSj  and  alkaline  in  reaction*  It  is  sli^tly 
soluble  in  a^ld  and  less  so  in  hot  water.  Exposed  to  the  air,  it  absorbs 
carbon  dioxide  and  forms  the  carbonate.  Ordinary  mortar  is  a  mixture 
of  slaked  lime,  water,  and  quartz  sand.  The  hardening  of  mortar  de- 
pends upon  three  causes:  (t)  The  evafjoration  of  the  water.  (3)  The 
absorption  of  carbon  dioxide  from  the  air  and  the  formation  of  calcium 
carbonate: 

CaCOH),  +  COj  -  CaCO,  +  Hp, 

(3)  The  action  of  the  basic  hydmxide  upon  the  silicic  acid  of  the  sand, 
pr>oducing  calcium  silicate. 

Ca(OH)i  +  SiO,  -  CaSiO,  +  H,0. 

This  last  reaction  takes  place  slowly;  hence  the  hanJness  of  old  mortars. 
Hydraulic  mortar,  or  cement,  contains  calcium  oxide,  aluminum 
dHcate,  and  quartjs  powder;  its  hardening  depends  principally  liprm  the 
formation  of  calcium  and  aluminum  silicates. 

Lime-water,  liquor  calcis  (U,  S.  P.,  Br.),  is  a  clear,  saturated 
solution  of  calcium  hydro 3dde  in  water. 

The  percentage  of  Ca(OH),  varies  with  the  temperature.  It  con- 
tains about  0.14  per  cent,  at  the  onJinary  tempemturej  but  when  the 
temperature  rises  the  solution  becomes  weaker. 

Cane-sugar   increases   the   solubility   of   calcium   hj-droxide,   with 
^  which  it  forms  a  saccharate.     Liquor  calcis  sacckaratus  (Bn)  is  a 
solution  of  calcium  hydroxide  in  a  strong  solution  of  cane-sugar. 

Syrupus  calcis  (U.  S.  P.)  is  an  analogous  preparation,  containing 
al)out  6.5  per  cent,  of  CaOjHj. 

When  lime-water  o^ntains  an  excess  of  the  hydroxide,  rendering  it 
tUfbid,  ft  is  called  milk  of  lime. 

Calcium  carbide,  C,Ca,  is  prepared  by  heating  in  an  electrical 
ftimace  an  intimate  mixture  of  aial-tar  and  lime.     The  mass  fuses 
and  oiQ  be  poured  out  of  the  crucible^  and  on  cmvling  is  found  to  be  { 
oontposed  of  carbon  mi.xed  with  lustrous,  dark-bruwn  or  black  masses 
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of  c^ldum  carbide.  These  masses  are  hard  and  briukj  having  a  crys- 
ialline  fnicture.  On  expcj&ure  to  moist  air,  it  decomposes  and  loses  its 
luster.  The  most  interesting  property  of  CjCa  is  its  decomposition 
when  brought  in  contact  with  water. 


QCa     + 

CaJciuin 


CaO^ 

QkJciUID. 

fiydnijdde. 


The  acetylene  produced  is  pure,  and  bums  mth  a  smoky  flame. 
When  diluted  with  from  sbt  to  ten  volumes  of  air,  it  gives  a  llame  of 
great  brilliancy  and  intensity.  This  compound  is  interesting  because 
it  can  be  cheaply  made,  and  serves  to  bridge  over  the  gap  between 
inorganic  and  organic  substances,  and  allows  us  to  prepare,  on  a  manu- 
facturing scale,  an  organic  compound  from  the  elements.  It  is  now 
made  on  a  large  scale,  and  is  an  article  of  commerce. 

Calcium  sulphate,  CaSO^,  occurs  very  abundantly  as  gypstun, 
in  right  rhombic  prisms,  combined  with  two  molecules  of  water.  The 
anhydrous  s;ilt  forms  the  mineral  anhydrite.  It  is  ver}^  sparingly 
soluble  in  water.  At  ordinary  temperatures  i  part  dissolves  in  400 
parts  H;0.  Ground  g^^psum  is  used  in  the  arts  under  the  name  of 
terra  alba*  When  heated  to  about  120°  C,  (248^  F.)  it  parts  ^ith 
its  waliT,  l»ccoming  converted  into  an  opaque,  while  mass,  which, 
when  ground,  is  called  plaster- of -Paris.  It  is  sometimes  used  as  a 
ferliliiser. 

C&lcti  sulphas  exsiccatus  (U.  S.  P.),  dried  gypsum,  contains 
about  ninet) -five  per  cciit.  of  CaSO|  and  about  five  per  cent,  of  water. 
It  is  prcjiojcd  by  heating  pure  native  g}7)sumj  CaS04 ,  iHaO,  until 
about  three-fourlhs  of  the  water  is  ejcpeUed, 

When  mixetl  with  water,  this  ^>owder  takes  up  two  molecule  and 
hardens  into  a  .stone-like  solid.  Upon  this  pnaperty  dej>ends  the  use- 
fulness of  pbster  for  making  mold^  figures,  and  immovable  surgical 
dressings. 

Calcium  Phosphates.— Tricalcic»  neutral,  or  bone  phosphate^ 
calcii  phosphas  priecipitatus  (U.  S.  P.),  calcis  phosphas  (Br,),  Ca,- 
(POJt,  is  found  in  rocjcs^  ajid  e^>ecial1y  in  the  mineral  apatite, 

mid  in  soilii^  in  guano,  in  the  ash  of  plants^  and  in  ewir  tissae  mmi 
fiukl  vi  aninml  bodies. 

It  lUiiy  be  piepaftd  pure  by  dissolving  bone-a^  in  hyiifodiloflc 
addt  Altering,  ud  pttdpitatiog  with  axnmomuin  hydroxide: 

c^nj[FO^\  +  >c«ct,  ^  4NHpH  -  CmJ^x  ^  4NIVI  +  4h;o. 
Also  br  iloaide  deccunpusation  between  oldu^ei  chloride  and  an 
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liiie  phosphate.  It  is  a  gelatinous  ma^when  fiist  predpiuted,  but, 
after  clrjing,  a  while,  amorphous  powder.  It  is  uisoluble  in  waier» 
but  readily  soluble  in  dilute  adds,  even  acetic;  abo  in  water  diarged 
with  carbon  dioiide.  An  impure  tricaldum  phosphate,  prepared  by 
burning  bones,  is  known  as  bone-ash. 

Dicalcium  phosphate,  Ca^HpCFO  J^,  separates  as  an  amorphous, 
in^luble  predpiiate,  when  disodium  phosphate  is  added  to  a  strong 
solution  of  calcium  chloride  sL'ghtly  acidified  with  a<^tic  add, 

Honocalcium  phosphate,  acid  calcliun  pho^hate,  super- 
phosphate of  lime,  CaH^(POJj,  is  found  in  bnun -tissue  and  In 
add  animal  fluids.  It  is  produced  by  the  action  of  sulphuric  or  hy- 
drodiloric  add  upon  the  first  two  phosphates,  and  is  manufactured 
as  a  fertilizer,  mixed  with  caidum  sulphate,  by  decomposing  bones 
with  sulphyric  add. 

At  a  tempcratune  of  loo^  C,  (392®  F.)  it  splits  up  into  caidum  pjTo- 
pfafxphatc,  metaphosphoric  add,  and  water. 

aCaK^CPOJ,  -  Ca^jOj  -^  3HPO,  +  jH^O. 

"ftTien  this  mixture  is  ignited  wilt  charcoal,  the  meta phosphate  is 
[formed,  and  reduced  to  pho&phoras  and  Caj(POJj,     (See  p,  163,) 

Calcitim  carboaattf  calcii  carhonas  (Br.),  CaCO^  is  of  ex- 

ceedingly    wide    distribution    in    nature.       It    exists    sometimes    in 

cnofiDOtis  deposits,  as  limestone,  marble,  chalk,  calcite,  Iceland  spaji 

and  as  the  mineml  basis  of  the  corals,  shells  of  the  cxustacea^  moUusk:^, 

tc     Chalk  is  a  comfmratively  pure,  amorphous,  caidum  carbonate, 

ll^bde  tip  of  microscopic  shells. 

Dddum  carbonate  is  nearly  insoluble  in  puiie  water,  but  dissolves 
readily  in  water  oontainiog  carbtm  dioxide.  Hence,  we  find  it  dis- 
solved in  nearly  aU  natural  waters,  as  a  bicarbonate,  CaHj(COj)^ 
firing  rise  to  tempomiy  hardness.  Boiling,  agitation,  or  free  exposure 
I  to  the  air  may  decompose  this  salt  and  deposit  the  ordinary  calcium 
carbonate*  Upon  this  depends  the  formation  of  stalactites,  boiler  in- 
crustations, and  similar  deposits* 

Calcii  carbonas  pracipitatus  (U.  S,  P.,  Br.)  is  made  by  mixing  , 
solutions  of  calcium  chluride  and  sodium  carbonate.  Double  de-j 
composition  takes  place,  and  CaCO^  is  predpitated. 

CaOg  -h  Na^O^  ^  C^CO.  +  aNaCL 

'The  white  predpitate  of  calcium  caHwnale  is  filtered  off,  washed 
with  waier»  and  dried.  Prepared  chalk,  creta  pr^parata  (U,  S.  P., 
Br.),  is  a  native  dialk^  purified  by  elutriation,  which  consists  in 
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grinding  the  chalk  in  water,  allowing  the  mixture  to  partially  subside, 
decanting  the  upper  portion,  allowing  it  to  settle,  and  collecting  and 
drying  the  fine  powder. 

Calcium  oxatate,  CaCjO^,  h  found  in  the  juice  of  some  plants  and  m  the 
urine.  It  may  b*;  obtained,  as  a  fine,  white,  crystalline  powder,  by  adding  any 
soluble  oxalate  to  a  soluble  calcium  salt  dissolved  in  a  neiiU^  or  altaJine  solution* 

(NHJiCjO*  +  CaCl,  =  2NH,Cl  +  CaQO,. 

It  is  insoluble  in  water  and  acetic  add^  but  soluble  in  the  mineral  acids.  In  many 
diseased  conditio iis  which  produce  deficietit  oxidation  or  excessive  prtxlucijoti  of 
odds  (lung  disease  and  acid  dysjjepsia),  it  occurs  in  the  urine  in  considerable  quan- 
tities, and  gives  rise  to  ozalurta,  or  the  oxalic  acid  diathesis.  This  salt  frequently 
fonns  calculi,  which  present  irregular  projections  and  have  pecei%'ed  ihc  name  of 
mulberry  calculi.  Excessive  saccharine  diet,  or  excessive  consumption  of  cer- 
tain vegelabJes,  as  lomaloes,  rhubarb,  etc.,  iocieases  the  production  and  elimliia- 
Uon  of  calcium  oxalate. 

Calcii  bypophosphis  (U*  S.  P.,  BtX  CaCPHjOJj,  is  made  by  boiJing  togielber 
calcium  hydroxide  and  phosphorus  until  combination  is  complete,  and  pbos- 
phoretted  hydrogen,  PH^  ceases  to  be  evolved* 

jCaCOH),  +  iP.  +  6H,0  =  3Ca(PH,0,)j  +  sPH^ 

The  solution  b  then  filtered,  evaporated,  and  the  salt  granulated.  It  is  gener- 
ally obtained  as  a  white,  granular  powder,  having  no  odor,  but  a  nauseous,  bitter 
taste.  ^M 

Crude  calcium  sulpbide^  cabt  aulphurata  (U,  S.  P.,  Br.),  is  made  by  mist-  ^ 
ing  together  dried  calcium  sulphate  and  powdered  charcoal,  and  heating  to  bright 
redness  in  a  Icjosely  covered  crucible  unlil  the  black  color  of  the  mixture  has  dis- 
appeared. It  is  a  mixture  containing  about  sixty  per  cent,  of  CaS,  with  CaSO, 
and  carbon  in  varying  proportions.  It  has  a  pale-gray  color  and  a  slight  odor  of 
US- 

Physiological  Effects  and  Uses.— The  calcium  salts  play  an 
important  part  in  the  animal  economy.     The  phosphates  are  found  irt. 
every  tissue  and  fluid  of  the  body,  but  most  abundantly  in  the  bones^ 
and  teeth,  the  former  containing  from  fifty-five  lo  fifty -nine  per  cent,.^ 
and   the  latter,  including  the  carl>onate,   seventy-two  per  cent.     A^^ 
the  salts  of  Ume  are  insoluble  in  alkaline  fluids,  \arious  theories  hav^^ 
been  put  forward  to  explain  their  state  in  the  blood  and  other  alkalin  ^^ 
fluids.    It  seems  certain  that  the  calcium  of  blood -i^nim  does  ncz^t 
exist  as  phosphate,  but  as  some  soluble  salt  or  albumin  compounc^S, 
soluble  in  alkaline  fluids.     The  calcium  phosphate  of  the  uinne  remair — ms 

in  solution  as  long  as  that  fluid  is  acid,  but  separates  as  an  amorphoi ^s 

or  cryslalUne  sediment  as  soon  as  it  undergoes  alkaUne  fermentatio  ^^. 
Alkaline  urine  is  always  turbid  from  the  precipitation  of  the  phosphate ^^rs 
of  Mg  or  Ca,  Wlien  taken  internally,  the  calcium  salts  produ.  -^ce 
effects  similar  to  those  of  s*>dium  and  potassium,  but  mild  en  Th^'^y 
have  a  mild  astringent  effect,  and  the  chloride  is  given  to  increase  t^ 
coagulability  of  the  bluod* 
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Sttontium  is  rather  sparingly  found  in  nature*  The  principal 
inineimls  are  strontianite,  SrCO^  and  celestitei  SrSO^.  It  is  a 
tiriTTi  yrlhw,  lustrous  metitl,  whidi  resembles  calcium  in  its  properties, 
as  also  do  its  03mpound5.  This  element  exhibits  most  of  the  properties 
of  dkium  and  baiium.  Strontium  may  be  made  by  decomposing 
tke  chloride  by  electricity.  Its  compounds  impart  a  retl  tinge  to  the 
iuDep  and  for  this  reason  the  nitrate  is  used  as  a  constituent  of  red  fires. 
Tbe  solubility  of  its  sulphate  stands  between  that  of  calcium  and  barium. 
It  has  been  used  in  medicine  as  an  alteniUve.  Its  salts  are  p<:iisonous 
ooly  in  brge  quant  hies. 

Strootiuin  Chloride.— SrCl,  •  6H3O,  This  salt  may  be  prepared 
hf  treating  HCl  with  an  excess  of  strontianite,  and  digesting  the  mix- 
loie  lor  some  time  to  allow  the  iron,  aluminum,  etc.,  to  sepamte  from 
ihe  solution,  which  may  then  be  drawn  off  and  evapomted.  On 
tnoling*  ihis  concentrated  solution  deposits  aciadar  crjstals  having 
a  btttemf]  taste.  They  are  srjluble  in  1.8  parts  of  water,  are  soluble  in 
alcoboi  and  fJeliquesce  in  the  air. 

Strontium BromidepStrontii  Bronaidum  (U.S.P>).~SrBr, .  6H3O. 
Thb  sail  may  be  prepared  by  saturating  hydrobromic  acid  with  stron- 
tittos  oirtianate. 

jHBr  4-  SrCC^  -  SrBr,  +  CO,  -|-  H,0. 

The  dear  ^lution  is  concentrated  by  evaporation  and  allowed  to 
ayHalJue* 

Sitoiithiiii   bioniide   occurs    as   deliquescent,    colorless,    odorless, 
rent,  beJtagonal  crj^sials,  having  a  bitter,  saline  taste.     It  is 
m  1,05  parts  of  water  at  15°  C,  (59°  F.)*     It  is  soluble  in  alcohol, 
insoluble  in  ether*    The  cnsials  melt  when  heated,  and  lose  all 
water.     Tliis  salt,  as  well  as  all  the  salts  of  strontium,  imparts  an 
imnue  md  coht  to  the  nonluminous  Ikme.     It  is  used  in  medicine 
in  6o9t%  nf  t  f^m.  to  30  gm.  fier  day. 

fltroatium  Iodide,  Strontti  lodidum  (U,  S,  P,).—Srl, .  6H,0, 
Tliii  f^  is  prepared  by  saturating  hydriodic  acid  with  strontium  car- 

iHi  +  srco,  -  Sf  r,  +  CO,  +  n,o» 

The  aohition  i*i  then  evaporated  and  albwed  to  cr)^stalli2e, 

Strontium  icifJkle  occurs  as  colorless,  odorless,  transparent,  hexag- 
ooal  filates  hmn^  a  Intterishf  saline  taste.  Th^*  deliquesce  and  turn 
jftUcvw  00  cxposunr  to  the  air.    The  crystals  are  soluble  in  0.6  part 
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of  cold  water,  are  soluble  in  alcohol,  and  slightly  so  In  ether.     When 
heated  they  melt,  and  gradually  lose  their  water.    At  a  red  heat  they 
decompose,  giving  off  iwSine  ami  leaving  a  residue  of  strontium  oxide.  _ 
This  salt  is  useti  in  medicine.  ■ 

Strontium  monoxide,  SrO,  strontium  dioxide,  SrOj,  and  stron-  ™ 
tium  hydroxide,  SrO^H^,  are  known. 

Strontium  nitrate,  Sr(NOj;,,  prepared  by  dissolnng  the  carbon- 
ate in  nitric  acid,  has  been  recommended  in  articular  rheumatisnL 
It  occurs  as  colorless  crystals,  soluble  in  five  parts  of  water  and  per-fl 
manent  in  the  air.  ^B 

Strontium  phosphate,  SrgCPOJj,  a  while,  tasteless  powder,  spar- 
ingly stjlubie  in  water.  Strontium  acetate,  SrCCjHgQj) j;  strontium 
carbonate,  SrCOg;  and  strontium  sulphate,  SrSO,,  have  been  some- 
what used  as  medicines.     Strontii   salicylas  is  official 

Strontium  Lactate,  Strontii  Lactas  (U.  S.  P,).— Sr(C3H40jj3.- 
3HjO.     This  salt  may  be  prepared  by  saturating  a  solution  of  lactic  add 
with  SrCOj.     It  is  a  white,  granular,  odorless  jx^wder,  having  a  sHghtly       i 
bitter,  saline  taste.  fl 

It  is  permanent  in  the  air,  and  soluble  in  four  fmrts  of  water  at  " 
15^  C,  (59^  F,),  and  soluble  in  ulcohoi    It  loses  its  water  at  110°  C 
(230*^  F.)-     It  has  been  used  in  renal  diseases  associated  with  albumi- 
nurias and  as  a  tenia fuge. 

It  is  given  in  fifteen-  to  forty -grain  doses^ 
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'Barium  is  found  in  nature  in  the  form  of  barite,  BaSO^,  and  also 
as  witherite>  BaCO,. 

The  element  itseff  is  not  uf  interest  to  the  medical  student. 

Barium  chloride,  BaCl^,  H^O,  h  prepared  by  the  action  of  hy- 
drochioric  acid  upon  the  native  carljonatc,  using  an  excess  of  the  latter, 
and  alluvving  the  mixture  to  stand  a  few  days  to  allow  the  iron  and 
other  metals  to  precipitate.  It  is  used  as  a  reagent  for  soluble  sulphates* 
giving  a  white  precipitate,  insoluble  in  acids  or  water. 

It  has  been  uscxl  in  medicine  as  an  alterative  and  anthelmintic. 

Banum  oxide ^  baryta,  BaO,  is  obtained  by  calcining  the  nitrate* 
It  is  a  grayish -while,  caustic  powder,  fusible  in  the  oxyhydrogen  flame. 
It  unites  with  water,  with  the  evolution  of  much  heat,  to  form  the 
hydroxide,  BaH^O^.     This^  dissolved  in  water,  forms  baryta  water. 

Barium  peroxide,  BaOj,  is  a  white  powder,  decomposed  by 
dilute   acids,  wilh   the   production  uf  hydrogen    dioxide.     It    is   the 
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onljr  offidal  compound  of  barium.     It  is  made  by  heating  the  oxide 
to  a  red  heat  in  air  or  in  oxygen.     If  the  heat  is  raised  loo  high,  the  ] 
oxygen  J  which  was  at  first  absorbed,  is  again  given  o0. 

sBaOg  -  jBaO  +  O,. 

^  This  power  of  absorbing  oxygen  from  the  air,  and  giving  it  off  again 
ux  a  higher  temperature,  has  been  used  in  manufacturing  oxjgen. 

It  is  used  in  the  manufacture  of  hydrogen  dioxide. 

Barium  nitrate,  BaCNOi)^,  forms  aniiydrous,  octahedral  crystals 
of  the  regular  system,  soluble  in  water,  and  used  as  a  constituent  of 
pale-green  theater  fares. 

Barium  suiphate,  BaSO^,  heavy-spar  or  bante^  occurs  in  nature, 
bolh  amorphous  and  in  rhombic  prisms,  Sp,  gr,,  4.6.  It  is  oblained 
as  a  white,  amorphous  powder^  insoluble  in  adds  and  water,  by  the 
action  of  sulphuric  add  upon  other  barium  salts.  It  is  used  as  an 
adulterant  of  while  paint,  Paris  green,  and  a  variety  of  other  com- 
merdal  products. 

Barium  carbonate^  BaCO^  occurs  native,  as  witherite.  It  pre- 
dpitates  from  solutions  of  barium  salts,  as  a  while,  amorphous  powder, 
when  they  are  treate*!  with  soluble  carbonates. 

Physiological  Effect  of  Barium  Salts,^All  the  scJuble  com- 
pounds of  barium,  as  well  as  those  that  arc  con%-erted  into  soluble 
cnmpounds  in  the  stomach,  are  poisonous,  Whene\'er  a  poisonous 
doee  has  been  taken,  the  patient  should  take  some  soluble  sulphate  (as 
Epsom  or  Glauber's  salt),  followed  by  an  emetic  The  symptoms  of 
poisoning  are;  pain  in  ^omach,  prostration,  dilated  pupils;  loss  of 
KHce,  sight,  or  hearing;  excessive  micturition,  and  other  very  pro  mi- 
iient  nervous  symptoms.  Postmortem,  inflammation  and,  in  most 
casc%  great  friability  of  the  stomach  and,  invariably,  inflammation 
of  the  rectum  are  found. 

Axulydcal  EeflctidDS  of  Calcium,  Strontium,  and  Barium.— These  ihree 
meU^  form  a  well- defined  group- 

t,  FLttine  ReftCtions>— Caldum  gives  an  aratige  color,  stroritium  a  red,  aod 
bitnuJii  A.  Hght'^ix'CTi  color, 

2.  All  ihrcc  givt!  a.  whit*?  pTiecipitale  with  ammoniura  carbonate. 

To  separate  iheni  when  pfecipitalcd  together  we  trmy  proceed  as  follows: 

iHlex  off  the  mijccd  carbonat^  wash  with  water,  aisd  dissolve  ihe  pttdpitate  in 

c  odd*    To  a  poition  of  this  solution  adrl  a  irw  dmp&  of  a  solution  of  potas- 

dk  lin>ma  If ,     A  jn^Dow  pi^pitatr  indicalt^  tiariunL.     Fihcr,  if  bariuni  be 

^  and  add  to  the  filtrate  a  salumted  solutkm  of  CaSO^.     A  turbidity  indicates 

dam*      Confirm   by  flftnie  reaction-      Filter  the  solution   dear,  and  add 

)H  and  ammonium  n^^l^^     A  white  predpiCate  in^lublc  in  acetic  ndd 
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GROUP  111,— METALS  OF  THE  MAGNESIUM  GROUP. 

Magnesium,  Mg  =    24*56 
2inc,  '      Zn  =    65.4 

Cadmiuin,      Cd  =112,4 
Mercuryj        Hg  =  200. 


MAGNESIUM- 

Magnesium  was  formerly  classed  with  the  metals  of  the  alkaline 
earths,  but  its  sulphate  is  soluble  and  its  chloride  volatile,  which, 
together  with  its  properties  in  the  free  slate^  show  it  to  be  more  closely 
related  to  zinc.  ^m 

Occurrence, — It  is  found  abundantly  in  nature.    Some  of  tJiJB 
most  common  minerals  containing  it  aremagnesitej  Atg .  COj;  kieser- 
ite,  Mg  -  SO, .  H3O;  camallite,  KCl ,  MgCU  .  6H3O;  and  dolomite* 

Dolomite,   an   amorphous   mixture   of   caldum   and    maKne-^ium 
carbonates,  forms  the  so-called  magnesian  limestone.     Asbestos^ 
serpentine f  meerschaum,  talc  or  soapstone,  and  hornblende  are  na- 
live  silicates.     Neariy  all  natural  waters  contain  traces  of  the  solubb^_ 
salts  of  magnesium^  which  impart  hardness  to  them.  ^| 

Preparation,— It  may  be  obtained  either  by  electrolysis  of  the 
chloride  or  by  healing  the  same  compound  with  sodium. 

It  was  formerly  prepared  by  fusing  the  double  chloride  of  sodium 
and  magnesium  with  metallic  sodium,  "  1 

MgCl,  .  NaCl  +  Hn,  -  jNaCl  +  Mg.  fl 

It  is  now  generally  prepared  by  the  electrolysis  of  the  fused  chlo-^ 
ride  or  the  native  cartiallite. 

The  electrolysis  is  conducted  in  a  steel  vessel,  which  is  made  the 
negative  pole,  and  the  positive  pole  is  made  of  gas- retort  carbt:ni.  The 
current  is  supplied  by  a  powerful  dynamo,  and  a  current  of  hydmgen 
is  led  into  the  chamber  during  the  reduction  to  prevent  oxidation  of  the 
metal.     It  is  purifietl  by  distillation  in  an  atmosphere  of  hydfogen. 

Properties, — Magnesium  is  a  brilliant  white,  very  tenacious,  and 
ductile  metal,  of  a  sp,  gr,  of  1.75.  It  fuses  at  a  dull  red  heat,  ami 
distils  at  a  bright  red  heat.  It  oxidtises  but  slightly  in  the  air  at  or- 
dinary temperatures  J  but,  when  heated,  it  burns  with  an  intensely 
brilliant  bluish -white  light,  owing  to  the  incandescence  of  the  mag* 
nesium  oxide  formed  in  the  burning.  The  flame  of  burning  magnesium 
is  rich  in  chemically  active  or  actinic  rays;  hence  it  is  much  employed 
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ior  pbologTBphmg  in  dark  caves  and  subterranean  chambers.  It  com- 
dimily  with  chlorine,  sulphur,  phosphorus,  arsenic,  and  nitm- 

,  bfut  not  with  argon.  It  is  soluble  in  dilute  adds,  but  not  in  alka- 
li b  slowly  oxidized  by  boiling  water* 

Ibgnesium  chloride,  MgCl,,  exists  in  small  quantities  in  many 
springs  and  in  sea -water,  to  which  it  imparts  a  bitter  taste. 
It  may  be  obtained  by  dissolving  the  carb*:>nate  or  oxide  in  hydrochloric 
acid.  It  forms  dehquescent  crystals,  isomorphous  with  calcium  chloride, 
CDOialtittsg  six  molecules  of  HjO.  The  anhydrous  chloride  Is  one 
^  the  mnst  deliquescent  substances  known. 

Magnesium  OJude^  calcined  magnesia^  magnesii  oxidum 
fU.  S,  P.),  MgO,  is  formed  by  the  combustion  of  the  metal,  or  by 
Use  fenrttcjn  of  the  carbonate,  hydroxidej  or  nitrate.  It  is  a  very  light, 
*  ler,  without  odor  or  taste,  and  has  a  feeble  alkaline  reaction. 

1:  .-  .^.„^ie  in  dilute  adds, 

A  cucopiart  %-anirty.  pfrpared  by  beating  the  nitiute  or  chloride  to  bright  T^- 
msm^  And  no  higher*  cxmbils  remait^ble  hydraulic  prn}>crtics.     If  mobtencd  i^-ith 
'  to  m  p3fc»te,  tl  ijutckiy  bardcns  to  a  compact  while  solid,  of  great  hardness 
■-  —^llily.     If  it  be  miied  with  an  equal  part  of  marble  dust  or  chalky  and 
J  it  may  Ijc  niulded  into  any  dcsiied  shape,  and  on  being  placed  in  waver 
U  ^Mis**  Mxi  an  ri(in:mrly  hard  mass-     It  has  b^n  used  as  a  Elling  for  decayed 


sia  levis  (Br.),  light  magnesia,  and  magnesia  ponderosa 
(Br.),  fli^gnesii  oridum  ponderosum  (U*  S.  P*)*  or  hea\7  magnesia^ 
4o  Dat  differ  in  chemical  composition,  but  differ  merely  in  their  physical 

MAgnesiiim  hydroiide,  Mg(110)3,  is  formed  from  any  soluble 
UttgDcsiuni  S4ilt  by  inx^npitiiting  with  sodium  or  potassium  hydroxide. 
b  »  iblkia&t  insoluhic  in  wuter  and  alkulies,  but  soluble  in  ammonium 
mia^  with  the  formation  of  double  s:l1is.  A  mixture  holding  it  in 
in  water,  known  as  milk  of  magnesia,  is  used  in  medi- 
asa  laJQitive  and  as  an  antidote  fur  acid  pais<ins, 
Mmgamdum  stUphAtep  Epsom  salt,  magnesii  sulphas  (U<  S. 
P.,  Br.)f  (^IkSOJ  .  7HjO,  is  found  in  solution  in  sea -waters  and  in 
muiy  minaiii  i4>rings,  esijcdally  those  belonging  to  the  class  of  bitter 
vitsn. 

ll  b  pr»  '  'v  the  action  of  sulphuric  add  U|X)n  magnesium  air- 

A  ry  temperatures  it  crj^stallizcs  with  7H50^  in  fuur- 

l  ihotDbic  firid^ns,  which  are  very  readily  soluble  in  water.  When 
",  It  (unes  and  parts  with  its  water  of  mstalli/^ition  up  to  i  j2^  C 
(wfyiP  R),  when  it  h;i_%  lost  all  but  one  m*>lecule;  thb  it  finally  parts 
wttwhro  heated  lo  aoo*^  C.  (392^  F,).  One  moieadc  of  water, 
ia  iDDfe  clo^iy  cumbincii  than  the  rest.     That  is  known 
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as  the  water  of  constitution,  uj  dislin^ish  it  from  the  water  of 
crystallization.  Magnesii  sulphas  effervescens  (Br.)  is  a  granular 
pijwder  cumposed  of  MgSO|,  HNuCOa,  lartaric  itnd  citric  adds,  and 
cane-sugar. 

Magnesium  Phosphates. — These  re^semble  the  calcium  phos* 
phates^  which  they  geiienilly  accompany  in  the  animal  body,  th*iugh 
usually  existing  in  smaller  quantities.  Magnesium  also  forms  duu!)lc 
phosphates,  one  of  which,  the  ammonio-magnestum  phosphate^ 
or  triple  phosphate,  MgNH^PO^ .  6H3O,  is  precipitated  when  anJ 
excess  of  an  alkaUne  phospjhate  and  of  ammonia  is  added  to  a  solution' 
containing  magnesium.  \\Tien  the  urine  becomes  ammoniacal  from 
the  decomposition  of  urea,  this  salt  is  precipitated,  as  urine  alwa>^^ 
contains  alkaline  phosphates  and  magnesium  salts.  Being  praclically:j 
insoluble,  especially  in  the  presence  of  excess  of  ammonium  hydroxide, 
it  is  usually  deposited  from  the  urine  as  a  se^liment,  in  the  shape  of 
mixlified  right  rhombic  prisms,  T-vhich,  under  the  microscope,  resemble 
the  shape  of  a  coffin-lid.  This  sometimes  takes  place  in  the  bladder,  and 
if  some  body  is  present  that  will  act  as  a  nucleusj  a  so-called  fusible 
calculus  may  form. 

Magnesium  carbonate,  neutral  carbonate,  MgCOj,  occurs  in 
nature  as  magneslte,  and,  combined  with  calcium  carl>onate,  in 
dolomite*  On  adding  an  alkaline  carbonate  to  an  aqueous  sfjlution 
of  a  magnesium  salt,  magnesium  carbonate  is  not  produced,  as  most 
other  carbonates  would  l>e  under  similar  circumstances,  but  some 
carbon  dioxide  escafies,  and  a  white  precipitate  falSs,  which  is  a  mixture 
of  magnesium  carlxmatc  and  hydroxide,  or  magnesia  alba, 

Tetramagnesiujn  carbonate,  magnesia  alba,  magnesii  carbonas 
(U*  S,  P,,  Br.),  4iIgC0, ,  MgHaOj  -h  5II2O,  occurs  in  commerce  In 
light,  white  cubes,  composed  of  an  amurfihous  or  partly  crystalline 
powder.  It  is  prepared  by  precipitating  a  solution  of  magnesium 
sulphate  w^itb  one  of  S4:)dium  carbt>nate,  A  hot  concentrated  solution 
should  l>e  used,  and  the  liquid  boiled  after  precipitation.  This  aim- 
IKJUnd  %'aries  in  o^nstitution  aca>rding  to  the  length  of  lime  that  the 
boiling  has.  continued  and  the  presence  or  absence  of  excess  of  sodium 
carbon^ite.  Two  %'arieties  are  officially  recognized:  Magnesii  car- 
bonis  levis  and  magnesii  carbonas  ponderosus  (Br,).  It  is  very 
slightly  soluble  in  water,  but  quite  Sf>luble  in  solutions  of  ammonium 
chloride.  It  is  slightly  soluble  in  water  saturated  with  CO 3,  Liq- 
magnesia  carbonatis  (Br.)  is  a  solution  of  the  acid  carbonate,  MgHj* 
(CO,),,  prepared  by  treating  magnesium  carbonate  in  suspension  in 
water  with  CO^^^  under  pressure. 

Magnesii  sulphas  effervescens  {U.  S.  P.)  Is  a  granular  salt  con- 
sisting of  sulphate  of  magnesium  with  tartaric  and  citric  acids  and  some 
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sodium  bicarbonate,  WTien  dissolved  in  water  it  effervesces  copiotisly, 
carbon  dioidde  being  evolved.  It  has  a  mildly  acidulous  and  refresh- 
itig  lasie.  Liquor  magnesii  citratis  (U,  S,  P-»  Br,)  is  the  ordinary' 
soltilioji  of  citrate  of  magnesia  used  ^s  a  laxative. 

f  OccTirrence. — ^The  nati^'e  compounds  of  the  heaA-}-  metals  are 
termed  oi«s.  The  most  common  7jnc  ores  arc  Smithsonite,  ZnCO,, 
calamine  (silicate)^  and  sphalerite  or  blende,  ZnS,  These,  like 
iDOSl  ores,  have  a  high  specific  gravity,  and  are  usually  found  in  veins 
in  the  older  crystalline  rocks.  The  principal  localities  are  Silesia , 
Ep^and,  Belgium,  Poland,  and  the  United  States. 

Preparation. — To  obtain  the  metal,  one  of  ils  ores,  usually  the 
carbonate  or  sulphide,  is  converted  into  an  oxide  by  roasting  at  a  high 
temperature. 

RoftSfciiig,  in  meEallut|^c&l  proc^ssfs^  consists  in  heating  the  substance  in  a 
fifnaee  with  a  free  supply  of  air.  This  is  usuaUy  done  in  a  revcrberatory  furnace, 
RpKStii^  k  done  as  n  prcUminajy  treatment  oJ  ores  to  drive  off  moisturc,  sulphur, 
ctrboa  dk^jdde,  or  otheir  volatile  constftuenL 

The  o:dde  obtained  by  roasting  the  ores  is  mixed  with  carbon  and 
igltited  in  cyUndrtcal  eartheoware  retortSj  to  reduce  the  oxide: 

ZnO  +  C  -  Ea  +  CO, 

The  free  zinc  mixed  with  some  oxide  distils  off  and  is  condensed  in 
iion  receivers,  as  a  gray  pKiwder  known  as  "zinc  dust."  When  this 
powder  is  fused  it  forms  the  ^elter  of  commerce,  and  contains  various 
impurities,  such  as  iron»  lead,  arsenic,  sulphur,  and  cadmium. 

Zinc  is  purified  by  subjecting  it  to  a  second  distil  I  at  ion.  This  is 
pjenerally  conducted  in  a  covered  vertical  retort,  which  is  provided 
with  a  tube,  which  passes  through  its  bcrttom.  The  upper  end  of  this 
tube  reaches  nearly  to  the  top  of  the  retort,  and  its  lower  extremity  is 
just  alK»ve  a  vessel  of  water,  WTien  the  zinc  is  heated  in  this  retort, 
it  volatilizes  and  passes  down  the  tube»  and  is  condensed  in  the  water, 
ThU  method  is  known  as  '* distillation  per  decentum.*' 

Properties, — It   is  a   bluish-white   metal,   roughly   crystalline   or 

lular;    its  sp.  gr,  is  6*862,  if  cast;    7.215,  if  roUefi.     It  is  brittle 

ordinary  temperatures,  and  can  be  pulverized;  at  100^  C,  (a  12°  F.) 

|o  150^  C*  (302*^  F,)  it  is  malleable  and  ductile,  and  may  be  rolled 

into  thin  sheets.     At  200*^  C,  (39 a*^  F,)  it  again  becomeii  brittle.     It 

fuses  at  412''  C.  (773^  F,)  and  distils  at  1040*  C,  (1904*^  F.)*    In  moist 
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air  it  beD>mes  coaled  with  a  thin  layer  of  basic  carbonate.  UTien 
heated  in  the  air,  it  burns  with  a  very  intense  bluish-white  light,  with 
the  formatian  of  the  oxide.  It  dissolves  readily  in  dilute  acids,  with  the 
evolution  of  hydrogen.  Concentrated  sulphuric  add  does  not  dissolve 
zinc.  It  is  stiluble  in  sodium,  potassium,  and  ammonium  hydroxides. 
On  account  of  the  slight  action  of  the  air  upon  it,  zinc  meets  with 
extensive  application  in  architecture  and  for  galvanising  or  ccKiting  iron* 
Zincum  is  official  in  the  U.  S.  P.  in  the  form  of  thin  sheets,  or  granular 
pieces,  or  molded  into  pencils,  or  in  powder  form.  Granulated  ziiic  is 
made  by  melting  the  metal  and  pouring  it  into  water* 

Zinc  chloride,  butter  of  zinc,  zinci  chloridum  (U.  S,  P.,  Br.), 
ZnCla,  is  obtained  by  heating  zinc  in  a  stream  of  chlorine,  by  dissolving 
zinc  in  hydrochloric  acid,  and  by  the  distillation  of  zinc  sulphate  with 
calcium  chloride.  It  forms  a  soft,  white  mass^  wliich  is  x^ry  d cliques- 
cent  J  is  fusible  and  volatile*  It  is  extremely  soluble  in  water  and  freely 
so  in  alcohol.  The  solution  has  a  burning,  metaUic  taste,  destroying 
animal  and  vegetable  lis^sues,  and  possesses  strong  dehydrating  proper- 
ties. It  forms  a  series  of  double  salts.  The  double  chbride  of  zinc  and 
ammonium  is  sometimes  used  to  cleanse  the  surface  of  metals  to  be 
soldered, 

Zinci  bromidum  (U.  S*  P,),  ZnBrj,  may  be  made  by  dissohlng  zinc^ 
in  hydrobromic  acid,  or  by  the  direct  combination  of  zinc  and  bromine* 

2Z11  +  4HBr  -=  iZnBr,  +  aH^ 

It  is  a  white,  granular  powder,  having  no  odor,  but  a  sharp,  metalliel 
taste,  verv^  soluble  in  water  and  in  alcohol,  and  \Ter}'  deh'quescent. 
Zinci  iodidum  (U,  S.  P,),  Znljj,  may  be  made  by  digesting  small 
fragments  uf  ^inc  in  water  containing  some  iodine,  or  by  dissolving, 
zinc  carbonate  or  oxide  in  hydriodic  acid^ 

ZnO  +  2HI  =^  Znl,  +  H,0. 

The  solution  is  filtered  through  powdered  glass  and  evaporatetl.     It " 
is  a  dehquescent,  granular,  w4iite,  odorless  jxjwder.     It  is  soluble  in 
water  and  in  aicohol. 

Zinci  pbosphidunif  Zn^P^,    is    made    by  passing    the  vapor  ofl 
piiosphorus  over  fused  zinc  in  a  current  of   dry  hydrogen   gas. 
is    a    dark,    gray-culored,    gritty    powder,   or    fragments.    It    has  a"* 
metallic  luster  and  a  faint  odor  of  phosphorus  hydride.     It  is  insoU 
ubie  in  water  or  aloohoh     It  dissolves  in  HCl,  with  evolutioD  of  phos-i 
phorus  hydride. 

Zinc  oxide,  zinci  o^dum  (U.  S.  P,,  Br.),  ZnO,  may  be  prepared' 
by  igniting  the  precipitated  basic  carbonate,  or  by  burning  the  metal 
in  a  current  of  air,     WTien  obtained  in  the  former  way,  it  forms  a  soft. 
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r  white,  tasteless,  and  odorless  powder.  Whtn  produced  by  burning  the 
metaj,  it  occars  as  a  white,  voluminous,  flocculent  mass,  formerly 
called  flores  zinci  or  lana  phOosopbica,  It  neither  fuses,  volatilizes, 
nor  decomposes  by  heat,  and  is  inst>lublc  in  neulrai  solvents.  It  is  used 
m  the  arts  as  a  white  pigment,  and  is  not  darkened  by  hydrogen  sulphide, 
as  is  white  lead. 

Zinc  hydroxide,  Zn(OH)j,  is  formed  as  a  white,  amorphous 
powder,  by  predpitaiing  an  aqueous  solution  of  a  zinc  salt  by  alkaline 
hydroxides.  It  is  soluble  in  an  excess  of  the  alkaline  hydroxides 
and  in  solutions  of  aroinonium  salts.  When  healed,  it  decomposes 
into  zinc  oxide  and  iiiiter. 

Zinc  sulphate,  white  vitriol,  zinci  sulphas  (U.  S.  P*,  Br.), 
ZnSO^ .  jH^O,  is  formed  by  dissohing  zinc,  or  its  oxide,  sulphide,  or 
Girbonate,  In  sulphuric  acid. 

ZnCOi  +  H^O.  -^  ZnSO^  +  CO,  +  Kp. 

At  lemperatures  below  30^  C-  (86^  F.J  it  crystallizes  with  7  Aq.;  at 
30^  C.  (86^  F.),  with  6  Aq.;  between  40^  C.  (104°  F,)  and  50''  C,  (lai^ 
F,)»  with  5  Aq.  The  most  common  salt  is  that  l^^th  7  Aq.,  which  occurs 
in  rhumbic  cn^stals  resembling  magnesium  sulphate,  and  is  freely 
soluljle  in  water*  It  is  used  in  medicine  as  an  emetic  and  astringent. 
ZlQCi  acetas  (U.  S.  R.  Br.),  ZniC^UJO^)^.  lUfi,  is  made  by 
dissolWng  the  oirbonate  or  oxide  of  zinc  in  diluted  acetic  add,  evap- 
orating, and  crystallizing. 

ZnO  +  jHC^H^O,  -  Zn:QH,Oa)^  +  HjO, 

It  occtifs  as  soft,  white  tablets  or  scales,  having  a  pearly  luster,  a  faint 
odor  of  acetic  acid,  and  a  sharp,  metallic  taste.  It  is  soluble  in  2.7 
ports  of  water  at  15*^  C,  (59^  F,),  in  1,5  parts  of  boiling  water,  and  in  36 
{Kirts  nf  alcohol, 

Zinci  phenolsulphooas  (U.  5»  P.),  zinci  sulphocarholas  (Bn)^ 
Zn(OQH^HSOJ  .  Hfi  is  made  by  saturating  a  st^Iution  of  sulpho- 
cirbohc  acid  with  zinc  oxide, 

it  occurs  as  colorless,  trnnsparent,  tabular  crystals,  soluble  in  2 
parts  of  water  and  in  2,5  pans  of  alcohoL  It  is  used  internally  as  an 
aniifermcntaiive. 

Zinc  yalerate,  zinci  valeras  (U.  S.  P.),  ziiici  valerianas  (Br.), 
Zn(CsH^O,)j ,  2H3O,  occurs  as  white,  pearly  scales,  ha\ing  a  strong 
o'Jor  of  %-aierianic  acid  and  a  peculiar,  sweet,  styptic,  metallic  taste. 
It  decompose?;  on  exposure  to  the  air,  ginng  off  valerianic  add.  It  is 
made  by  mixing  b>t  solutions  of  sodium  valerianate  and  sine  sulphate, 
and  allowing  the  zinc  valerate  to  crystallize  out. 
18 
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Zinc  carbonate,  zinci  carbonas  praBcipitatus  (U.  S.  P-),  zinci 
carbonas  (Br.).— This  salt  is  made  by  mking  a  boillag  solution  u! 
sociium  carbonate  with  a  boiling  solution  of  zinc  sulphate.  Mutual 
decomposition  takes  place,  and  a  basic  line  carbonate  is  predpitaied. 

Fried  pi  UtL<d  line  C^botmte. 


^ 


mi 


The  precipitate  is  washed  with  hot  water  and  dried. 

It  is  a  white,  odorless,  and  tasteless  impalpable  powder,  insoluble 
in  water  or  alcohol,  and  of  variable  chemical  composition.  The  com- 
position of  the  precipitate  %^ries  according  to  the  temperature  used* 

Toxicology.— The    compounds  of    zinc  that    are  soluble  in  the 
digestive   fluids  are   all   irritant   poisons.     Solutions  of    the   chloride 
(used  by  tinsmiths,  in  embalming,  and  as  a  disinfectant  in  Bumett^B 
fluid)  aie  also  verj'  corrosive.     The  antidotes  are  alkaline  carbunateflB 
soap,  albumin,  and  mucilage.     Solutions  containing  scxlium  chloride 
or  organic  acids  act  as  sislvenis  of  metallic  ^inc;   consequently,  symp 
toms  of  poisoning,  more  or  less  marked,  are  apt  to  follow  the  eatil 
of  acid  fruits  that  have  been  kept  in  vessels  of  gatranized  iron. 
this  account^  specimens  intended   for  analysis,  in  case  of  supposed 
poisoning,  should  never  be  placed  in  jars  closed  by  zinc  caps, 

Tests*— With  alkaliiie  hydro lides  and  carbanates,  solutions  of  zinc  gi* 
a  white  pnecipitatc,  stjiubk'  in  an  cxct'ss  of  the  rt agent;   with  ammoiuuiu  sul- 
phydrate  or  sulphydric  add,  in  neutral  or  alkali  tie  ^lutions,  a  white  sulphidij^ 
with  potasstuiti  feirocyanide,  a  jelbwish-white  precipitate,  insoluble  in 
hydrochloric  add* 

CADMIUM. 

Cd  -  113. 

Occurrence,  Preparation,   Properties,  etc* — It  is  a  comparadvelf 
tnciaJp  uften  accompanying  zinc  in  itjs  ores.     Being  more  volatile  than  its  as 
it  comes  off  first  in  the  process  of  distilling  zinc  from  its  ores.     It  is  a  Si>ft.  whlte^ 
lenacious  metal,  of  sp^  gr,  S,6.     It    alters  but  OttJe   in  the  air  at  ordinary  tein- 
peraiures.     When  heatea,  it  burns,  with  the  formation  of  the  ospdcs,  as  a  bmi 
smoke.     It  dissoi\'eb  with  difficulty  In  sulphuric  and  bydrriichlonc  acids,  but  n^a* 
in  nitric  acid. 

Cadmium  Compoands,— Th&&e  are  not  ver>'  numerous  or  iniportant  As 
the  element  h  bivalent,  they  nil  have  the  general  formula  CdR^.  The  prindpal 
ones  are;  cadmium  hydroxide,  Cd(OH),;  cadmium  oatide^  CdO;  cadtniurti 
chloridcj  CdC\;  cadmium  iodide»  Cdl^;  cadmium  sulphate*  CdSO,;  and  cadmium 
sulphide,  CdS.     The  latter  is  found  nadve  in  the  mineral  greenockite* 

Cadmium  iodide  and  bromide  are  used  in  photography-  Cadmium  iodide, 
dissolved  in  an  excess  of  f-Jotassium  iodide  solution,  is  used  as  a  Ki^neml  reagrnt 
lor  alkaloids.  The  metal  eniere  into  the  ciimpcjsition  of  several  alloys  whith  ate 
used  for  filling  teeth^  such  alloys  having  a  low  fusing  point. 


em*      j 


HEmCTftV. 


2S9 


MERCURY  (Hjdraigjrnim), 

tQlICK  SILVER.} 

Occurrence  • — Mercut}'  occurs  in  nattire  prindpally  as  cianabarf 
HgS,  or,  mreiy,  in  the  fonn  of  small  panides  of  inetaJ  scattered  througii 
xvxks.    It  is  found  in  Spain,  Peru,  China,  Japan,  California,  and  Mejcico, 

Preparation, — Tht  native  ^phide,  or  dnnabar,  is  roasted  in 
le^erboBior}^  furnaces,  thus  tniming  out  the  sulphur  and  distHUng 
off  the  mewaxry.  Or,  it  is  sometimes  simply  heated  in  a  retort  with 
ir^on,  which  combines  with  the  sulphur  and  sets  free  the  mercury, 
which  distils  over.  Commercial  meroin*  usually  contaiEis  small 
qttantities  of  other  mctab,  owing  to  its  great  lendencj*  to  form  allo>-5 
caUed  amajf ams.  To  remove  the^  it  is  redistilled,  or  treated  with 
^lerr  dilute  adds,  by  pouring  it  in  a  thin  stream  into  them.  Wlien  pure, 
mefOity  pours  from  a  glasis  surface  without  leaving  a  streak — i.  €,, 
the  san^  droplets  retain  their  globubr  form,  and  do  not  form  a  taJl 
or  adliere  to  the  glass. 

Ptviperties. — The  ordinary  form  of  mercury  is  die  only  metal  whjdi 
is  Squid  at  ordinan-  temperatures.  Its  sp,  gr.  is  13.59^*  At  — 40®  C, 
(—40**  F.)  it  solidifies  and  cr>*stallLEes  in  octahcdra.  It  is  somewhat 
lolaijle  at  ondinary  temperatures,  and  boils  at  360°  C,  (680'*  F.).  Its 
vapor  has  a  densit)*  of  99.25  and  a  sp.  gr*  of  6,97  (air  —  1)*  Its  molec- 
ular weight,  therefore,  is  19S.5;  and  as  its  atomic  weight  b  abo  igS^S, 
its  molecule,  like  that  of  cadmium,  is  composed  of  one  atom.  If  pure^ 
asd  at  ordinary'  temperatures,  it  is  not  aileted  in  the  air,  but  at  a  tem- 
perature near  the  boiling  point  it  becomes  coated  with  a  thin  film  of 
mcrctiric  o:ckle.  Hot  sulphuric  add  convetts  it  Into  mercuric  sulphate, 
with  the  evolutbn  of  sulphur  dkixide.  It  dissohes  readily  in  dOute 
n^e,  but  not  in  hydrochloric  add. 

Colloidal  mercury  is  an  allotropic  form  of  the  metal,  said  to  be 
produced  by  mixing  dilute  solutions  of  mercurous  nitrate,  stannous 
nltntte,  and  ammonium  nitrate.  It  is  a  sil\W',  glistening  solid,  soluble 
10  water,  forming  a  deep-brown  solution. 

Memir>^  alloys  with  and  dissolves  all  metals  except  iioiii  to  form 
jtn^lgatiis      Tin  amalgam  is  used  for  coating  mirrors. 

Merenrj  forms  two  series  of  compounds^  the  mercurtms  and 
mefcurk.  The  mercurous  are  less  stable,  and  contain  a  larger  per* 
cenlage  of  the  metal     They  are  less  soluble,  and  consequently  1^5 

pOliO'DOIIS* 
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MERCtJROUS  COMPOUITDS. 

Mercureus  chloridev  protochloride,  mild  chloride,  calomel, 
hydrargyri  chloridmn  mite  (U.  S.  P.),  hydrargyri  subchloridtim 

(Br.),  HgCi  or  HgjClj,  is  usually  prepared  by  the  mutuai  decomixjsi- 
lion  of  sodium  chloride,  mercuric  sulphate,  and  inercur>\  After  mudng 
thoroughly  in  a  monar,  the  mixture  is  heated,  when  the  calomel  guf  ~ 
limes. 

HgSO,  +  ^NaCl  +  Hg  =-  Na^O,  +  H^CV 

By  this  method  mercuric  chloride  is  also  fonned  in  varjing  qu; 
tities,  and  should  be  removed  by  washing  the  product  with  boHi! 
distilled  water,  until  the  washings  no  longer  form  a  precipitate  wii 
ammonium  hydroxide. 

'  Mercuric  chloride  nmy  be  detected  in  calomel  by  its  forming 
black  stain  upon  a  bright  iron  surface  dipped  in  a  mlxtiire  of 
and  alcohol;  or  by  the  pr«!uclion  of  a  black  stain  by  hydrogen  sulphide 
in  water  that  has  been  filtered  through  calomel  so  contaminated. 
Calomel  crystallizes,  when  sublimed,  in  radiating,  quadmtic  prisms; 
but  if  precipitated  from  solutions  of  mercurous  salts  by  hydrochloric 
acid,  it  forms  a  heavy,  white,  impalpable,  amorphous  jxiwder.  When 
heated  to  about  500"^  C,  (932^  F.),  it  sublimes  without  fusing,  is  insoluble 
in  cold  water  and  alcohol,  and  dissolves  in  boiling  water  to  the  extent  of  t 
part  in  12,000,  If  boiled  for  a  long  time  with  water,  It  partly  decom- 
poses, mercury  being  deposited  and  mercuric  chloride  passing  into 
solution.  Strong  adds  convert  it  into  mercuric  salts  and  free  mercury. 
With  ammonium  hydroxide  it  blackens,  wutb  the  formation  of  mmruw 
rous  amidogen  chloride, 

Hg,Cl,  +  jNH^OH  =  NH^Cl  +  NiyigjjCl  +  3H,0. 

Hydrochloric  acid  and  alkaline  chlorides  convert  it  into  mercu 
chloride;  this  may  occur  in  the  stomachs  of  persons  who  use  large 
quantities  of  sailed  food,  as  on  Ixmrd  ship.  Alkaline  ifxiidcs  convert 
it  into  mercurtijus  itxlidc,  which  is  then  decomposed,  by  an  excess  of 
the  (dkalinc  iodides,  into  mercuric  kdide  and  mercury. 

Mercurous  iodide,  protiodlde  or  yellow  iodldei  hydrargyri 
lodidum  flavum  (U.  S.  P.),  llgl  or  HgjI^,  is  preparcfi  by  tritunU- 
ing  200  parts  of  mercurj'^  with  127  parts  of  iodine  and  a  little  alcohol, 
until  a  green  paste  is  fonned.  It  may  also  be  prepared  by  precipitsu 
tlon  from  a  solution  of  Hg,(N03|)3  with  KI. 

It  is  a  bright  yellow,  amorphous  powder,  insoluble  in  water  and  in 
alcohol.    It  turns  brown  and  volatilizes  when  heated.    Light  deconi' 
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poses  it  into  meromc  iodide  and  mercurj.  When  mcwieratcly  heated, 
it  becomes  red,  but  upon  cooling  it  resumes  again  iLs  yellow  color. 
But  whca  strongly  healed  it  is  decomposed  into  the  red  mercuric 
iodide  and  mercury. 

Mercurous  oxide,  protoxide,  or  black  oxide,  Hg^O,  is  fonned 
by  the  action  of  sodium  hydroxide  upon  mercurous  salts. 

H&<NOJ,  +  2NaOH  =  Hg^O  +  aKaNO,  +  H^O. 

It  Is  a  brownish-black,  tasteless  powder,  which  sunlight  decompoaei 
into  mercuric  oxide  and  rae^cur}^  MineraJ  acids  concert  it  into  the 
cmitegpondiiig  mercurous  salts.  It  exists  in  the  lotio  hydrargyri 
afgra  (Br.),  lotio  nigra  (N,  F^^  or  black  wash.  This  is  made 
by  adding  calomel  to  lime-water,  in  the  proportion  of  one  drachm  of 
atloniel  to  one  pint  of  lime-water, 

HgjCL  +  Cft(OH),  -  HgjO  +  CaClj  +  H,0. 

Mercurous  nitrate,  HgNO^  or  Hg,(NOJ^,  is  formed  by  dig^ting 
an  excess  of  mercur>'  ^ith  a  somewhat  diluted  nitric  add,  until  short 
prismatic  crj'stals  separate. 

6Hg  +  8HKO,  =-  3Hg,CNOs),  +  4H,0  +  N^O^ 

The  cn^stiils  effloresce  in  the  air.  Water  dccom ptoses  this  salt  into 
the  add  salt,  which  goes  into  solutiooi  and  basic  mercuric  nitrate, 

^^    NO  '  ^^^  separates  as  a  yellow  powder.    Water  acidulated  with 

nitric  add  dissolves  it,  but  it  soon  oxidizes  and  becomes  mercuric 
nitrate.  By  adding  metallic  mercury  to  the  solution,  this  oxidation 
is  prevented  to  a  certain  extent,  or,  after  oxidation,  it  reduces  it  again 
to  ibe  mercurous  state. 

Mercurous  sulphate,  HgjSO^,  is  fonned  by  gently  warming  an 
excess  of  merrun^  with  sulphuric  acid*  It  separates  as  a  yellow,  crys- 
Id&ie  precipitate  when  sulphuric  acid  is  added  to  a  solution  of  mer- 
cumus  nitrate, 

MERCURIC  COMPOUITDS, 

In  these,  mercury  is  bivalent.  They  are  represented  by  the  formula 
T!''Rj.  The  mercuric  compounds  are  always  formed  when  mercury 
,  -^ !  1  -^^i  lived  in  an  excess  of  acid.  When  the  oppcjsilc  is  the  case,  the 
ous  eom|Jounds  are  formed.  The  addition  of  metallic  mercury  to  the 
mercuric  comfjounds  con\'erts  them  into  mercurous  compounds,  while 
oxidizing  agents  produce  the  opposite  effect. 

Mercuric  chJaride,  bichloride  of  mercury,  corrosive  subli- 
mate, hydrargyri  chlondum  corrosiimm  (U.  S.  ?,),  hydrargyri 
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perchloridum  (Br,)^  ^gCl^^  may  be  produced  by  dissolving  mer- 
curic oxide  in  hydrochloric  acid. 

It  is  prepared  on  a  large  scale  by  subliming  a  dried  mixture  of 
mercuric  sulphate  and  sodium  chloride, 

Hg$0,  +  aNaCl  -  HgCl,  +  Na^O^. 

When  sublimed^  it  crystallizes  in  rectangular  octahedra.  When  crys- 
tallized from  Its  solutions,  it  forms  fine,  right  rhombic,  needle-like 
prisms.  At  ordinary  temperatures  it  diiiijolves  in  sbtteen  |xyts  of 
water,  and  at  ioo°  C.  (212*'  F*)  in  three  parts;  it  is  still  more  suluble 
in  alcohoK  It  dissolves  freely  in  hot  hydmchloric  acid,  which  solution 
ektinizes  on  cooling.     Its  sp.  gr.  is  5.4.     In  aqueous  solution  it  tends 

'to  reduce  lo  calomeL  Sodium  or  ammonium  chloride  prevents  this 
change.  Zinc,  cadmium,  nickel^  iron,  lead,  copper,  and  bismuth 
remove  most  of  its  chlorine,  reducing  it  either  to  metallic  mercury  or 
to  calomeL  Sulphuric,  nitric,  and  hydrocliloric  acids  all  dissolve  it 
without  decomposition.  When  its  aqueous  solution  is  treated  with  an 
alkaline  hydroxide,  or  alkaline  earth,  a  yellov^^  precipitate  of  mercuric 
oxide,  Hgb,  is  formed. 

This  is  formed  in  lotio  flava  (N.  F.),  or  yellow  wash,~a(|tui 
phage dsenica  of  the  older  writers, — which  is  made  by  mixing  thirty 
grains  of  mercuric  chloride  with  a  pint  of  lime-water.  Mercuric 
chloride  prevents  putrefaction.  It  is  an  excellent  antiseptic  in  aqueous 
solutions,  but  decomposes  in  contact  with  blood  or  serum,  forming  an 
albuminate  of  mercury.  It  is  used  lo  disinfect  the  hands,  etc,  before 
surgical  operations*  Its  solution  is  used  for  preserving  and  harden- 
ing anatomical  specimeti^.  With  albumin,  it  forms  a  white  precipitate, 
insoluble  in  water,  but  soluble  in  excess  of  albumin  solution  or  in 
solulions  of  alkahne  chlorides. 

MercurammoDium  chloride,  white  precipitate,  ammoniated 
mercuryj  hydrargyrum  ammoniatuin  (U.  b.  V.,  Br.),  NHjIl^Cl, 

I  is  thrown  down  as  a  heavy,  white  precipitate,  by  adding  a  slight 
excess  of  ammonium  hydroxide  to  a  si^lution  of  mercuric  chloride. 

HgClj  ^  2NH4OH  -  NH^HgCl  -1^  NH^Cl  +  211,0. 

This    salt    is    sometimes    called    **  amidochloride    of    mercur)*/* 
and  may  be  looked  upon  as  a  compound  of  mercury,  dilorine,  ^odj 
amidogen,  NH^, 

Ammoniated   mercury  occurs  in  white,  pulverulent  pieces,   or  in  J 
powder.     It  has  no  txlor,  but  an  ejirthy^  metallic  taste.     It  is  used 
in  the  official  unguentum  hydrargyri  ammonlati.    It  is  insoluble 
in  alcohol,  ether,  and  cold   water.     Hot  water  decomposes  it,  with 
the  separation  of  a  heavy  yellow  ptiwder.     It  sublimes  without  fusing. 


I 


4 


4 


MESiCVnW 


263 


Mercuric  Iodide,  bmiodide,  or  red  iodide^  hydrargyri  iodi- 
diHD  rubnim  (U,  S,  P.,  Br.),  Hglj,  is  fonned  when  solutions  of  met* 
curie  chloride  and  potassium  iodide  are  mixed. 

HgCI,  +  3ia  »  HgU  +  3KCI 

A  double  decomposition  takes  place,  and  the  mercuric  iodide  separate 
as  a  yeOow  precipitate^  which  immediately  turns  bright   r^.     It 
sparingly  soluble  in  water,  but  freely  S4>luble  in  solutions  of  KJ  audi 
aloohol,  forming   clear  st>lutiuns.     It  ako   dissolves   in '  many  dilut 
acids,  and  in  solutions  of  ammonium  salts,  alkaline  chloride,  aE 
mercuric   salts.     From  its  alcoholic   solution  it  crystallizes  in   brighl 
red,  rbombohedral  o^-stals.     When  heated,  it  becomes  yellow,  fus 
aod    sublime    In    yellowy  shining,  rhombic    needles.    These    agq^iEl 
becDfpe  red  upon  touching  them  with  some  solid,  and  are  chang 

PintJj  a  mass  of  octahedra.     ^fercuric  iodide  is,  therefore^  dimorphous* 
Hgl^  enters  into  the  comf>osilion  of  Donovan's  solution. 

Mercuric  oxide,  red  oxide  or  hinoxide,  hydrargyrl  oxidum 
fiaTuoi  {U.  S.  P,,  Br.),  bydrargyri  oxidum  rubrum  (U.  S.  P.,  Br.),j 
HgO,  is  obtained  by  igniting  mercurous  or  mercuric  nitrate  as  long 
as  fumes  are  given  off: 

or,  by  adding  sodium  h)*droxide  to  a  solution  of  a  mercuric  salt: 
HgClj  +  iNaOH  -  Hgii  +  2KCI  +  HjO. 

The  product  obtained  by  the  first  method  is  red  and  crystalline,  of 
sp.  gr.  1 1.2;  that  obtained  by  precipitation  is  yellow  and  amorphous. 
The  latter  is  the  more  active  form.  Both  modifications  turn  black, 
when  exposed  to  the  light  and  air.  At  400^  C,  (752^  F.)  they  br 
up  into  mercury  and  oxygen.  Mercuric  oxide  is  ver)'  sparingly  sohibli 
in  water.  It  is  the  chief  ingredient  of  the  lot  10  fiava  (N.  F.)  and  lotill 
hydrargyri  fiava  (Br.),  or  yellow  wash. 

Mercuric  nitrate^  Hg(NOj)3,  may  be  obtained  by  dissolving  mcr* 
cuiy  or  mercuric  oxide  in  hot  nitric  acid. 

HgO  +  2HNO,  -  Hg{NO^\  +  HjO. 

This  should  Ije  carefully  conducted,  as  it  is  inclined  to  form 
salts.  It  dissolves  in  water,  and  exists  in  llq.  hydrargyri  m- 
timtis  (U.  S.  P.) I  or  llq.  hydrargyri  nitratis  acidtis  (Br.).  It  is 
used  in  the  volumetric  estimation  of  urea  by  Liebig's  method.  The 
standard  s^^jlutlon  used  for  this  purpose  contains  7148  gm,  of  metal- 
lic m^Tur}'  to  the  liter,  and  t  ex.  precipitates  10  milligrams  of  urea. 

Mercuric  sulphate,  HgSO^,  is  prepared  by  warming  mo'cary  or 
I  its  oxide  with  an  excess  of  sulphuric  acid^ 

Hg  +  aH^O,  =  HgSO^  +  SO,  +  3H3O. 
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It  is  a  white,  crystalline  salt,  used  as  the  exciting  agent  in  some  forms 
of  galvanic  batteries.  With  aa  excess  of  water  it  decomp(.>ses  into 
sulphuric  acid  and  tlie  yellow,  insoluble,  basic  sail,  turpeth  znineraly 
HgSO^ .  2HgO.  This  is  official  in  the  U.  S*  P,  under  the  name  by- 
drargyri  subsulphas  flavus. 

Mercuric  sulphide^  red  sulphide,  clnnabiu,  venniliou, 
HgS,  occurs  native  in  striated  or  amoq>hous  masses.  It  may  be 
prepared  by^  rubbing  sulphur  and  mercury  together,  or  by  the 
precipitation  of  a  mercuric  salt  ljy  hydrogen  sul[>hidc%  as  a  black, 
amorphous  mass,  which  is  the  sethlops  mioeralis  of  the  older 
pharmacists- 

HgCl,  +  H^  -  HgS  +  2HCL 

This  maybe  converted  into  the  red  sulphide  by  subliming  it.  Mercuric 
sulphocyanste^  formed  by  precipitating  mercuric  nitrate  with  poliis- 
slum  sulphocyanate,  is  decomposed  by  heat,  the  mass  swelling  up  and 
leaving  a  voluminous  residue.  It  is  used  in  making  the  toy,  Pliaraoh's 
serpent. 

Physiological  Action  of  Mercury  .^Metallic  mercury  is  not  poi- 
sonous.    By  contact  with  alkaline  chlorides,  however,  it  is  converti 
into  mercuric  chloride;  the  more  finely  divided  the  particles  of  mercui 
are,  the  more  readily  does  this  take  place. 

Mercuric  chloride  has  a  decidedly  toxic  action,  both  locally  and 
constitutionally.  Its  local  irritant  action  is  due  to  its  tendency  to 
unite  with  albuminoid  bodies.  The  constitutional  symptoms  are  some- 
w^hat  similar  to  those  produced  by  arsenic,  but  appear  sooner.  The 
vomit  frequently  contains  blood,  and  there  is  an  intense  burning, 
metallic  taste  in  the  mouth.  The  symptoms  that  are  referable  to  the 
gastro- intestinal  mucous  membrane  are  more  intense.  The  size  of 
the  minimum  fatal  dose  of  the  corrosive  chloride  is  about  three 
grains;  of  white  precipitate,  thirty  to  forty  grains;  and  of  turpeth 
mineral,  about  forty  grains.  Children  tolerate  mercur)*  much  better 
than  adults. 

The  treatment  in  acute  jx^i^ming  should  consist  in  the  administra- 
tion of  milk  or  while  of  egg  and  the  induction  of  prompt  emesis.  Ab- 
sorbed mercury  probably  exists  in  the  blood  as  an  albuminate,  and 
is  eliminated  by  the  feces,  urine,  and  saliva;  chiefly  by  the  former. 
Chronic  mercurial  poisoning,  known  as  mercurial  tremorSj  shak- 
ing palsy^  etc,  is  met  with  in  those  who  work  in  mercury  compounds. 
The  symptoms  usually  begin  with  debility,  nausea,  vomiting,  colicky 
pains,  and  a  constant  metallic  tiiste  in  the  mouth.  Sooner  or  later 
salivation  will  beaime  a  pmminent  symptom;  the  tongue  and  gums 
becoming  swollen,  red,  and  ukeratedj  and  the  breath  emits  a  pecu* 
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liar,  fetid  odor.      Salivation  may,  however^  be  produced  by  bromine, 
antimony^  lead,  prussk  add,  etc* 

Chronic  and  even  acute  poisoning  may  occur  firom  the  free  external 
use  of  mercurial  salts.  Postmortem ,  the  mucous  membrane  of  the 
stc»nach,  in  acute  poisoning  with  Hg^lj,  is  usually  found  of  a  grayish 
color,  as  also  that  of  parts  of  the  mouth  and  esophagus.  The  surface 
of  the  membrane  is  sometimes  covered  with  a  slate-colored  deposit  of 
finely  divided  mercnir>% 

Tettft,^Ooe  of  the  simplest  tests  for  mercury  in  solution  h  a  piece  of  brighl 
copper,  which,  la  the  presence  of  a  small  i|uantlty  of  free  hydrochbric  add,  be- 
CQJtncs  coated  wfih  a  aUver-whitc  layer  of  copper  artialgam.  All  salts  of  mercury 
An  volatile.  When  heated  in  a  tube  with  sodium  carbonate,  globules  of  metallic 
mercmy  distil  off  from  all  its  salts.  Mercurous  salts  give  a  white  precipitate 
with  HCl  or  a.ny  soluble  chloride.  Thi:^  precipitate  is  insotubie  in  hot  waictj 
and  tunss  blacky  but  does  not  dissolve,  in  NH^OII. 

Poia^.  iodide  gives  a  green  precipitate  of  mcrcurous  iodide.^ 
Jfercimc  Sftlll  give  no  precipitate  with  HCl  or  H^SO^,  and  give  a  red  pre* 
cipitiiic  with  KT,  and  a  yellow  pfetipitate  of  mercuric  03cidc  w^ith  NaOH  or  KOH. 
Buth  mere u nous  and  mercuric  salts  gi>'e  a  black  precipitate  with  H^,  which  is 
insuluble  in  niinc  acid,  but  soluble  in  hot  aqua  rtrgia. 


GROUP  IV. 


Boron,  B   =  ii, 

Aluzninum,  Al  ^  37.1 
Scandium,     Sc  =  44a 
Galliunii        Ga^  70. 
Yttrium,       Y   =  89. 


Indium,         In  ^  ^^S* 
Lanthfljumt,  La  =  158*9 
Erbium,         £    =^166, 
Ytterbium,    Yb  =  173- 
Thallium  f      Th  =  204a 


Of  the  above  elements,  but  the  first  two  air  of  sufficient  importunce 
^to  medicat  or  to  pharmaceutical  students  to  be  described  here. 


BORON* 

B  =  i>. 

Occturence  and  Preparation,— An  unimportant  element »  never 
occuning  native,  but  us  boric  acid  and  borates.  Borates  of  calcium, 
]iiaigli^uiii»  and  sodium  (borax)  occur  native;  the  lust»  the  most  im- 
por^Dl,  Is  found  m  India  and  California.  The  element  may  be  p re- 
plied in  two  allotropic  states:  the  first,  as  a  greenish  brown  powder, 
by  fusing  its  oxide  with  sodium  or  potassium ;  the  second,  as  a  ciystalline, 
transparent  soHd,  varying  in  color  from  colorless  lo  a  garnet -red,  by 
fusing  the  oxkle,  chloride,  or  fluoride  with  aluminum,  in  which  metal 
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the  boron  dissolves,  and  cn^stallkes  out  on  cooling.     Boron  combines 

directly  with  nitrogen  at  elevntexJ  temperatures. 

Boric  anhydride  >  BjOj,,  h  a  transparent,  glass-like  mass,  obtained 
by  heating  boric  acid  to  redness.  It  is  used  as  a  reagent  in  blowpipe 
analysis. 

Boric  acid  J  boracic  acid,  acidum  boricum  (U.  S,  P.,  Br,),  H^BOg, 
exists  native  in  lagoons,  in  the  vicinity  of  vokanrte^s,  csfiecially  in  Tus- 
cany,    By  evaporation  and  crj^stallizatiim  the  acid  is  obtained. 

Borate  of  sodiimi,  or  borax^  sodii  boras  (U,  S.  P,),  occurs  in 
Calif  urn  ia^  Nevada,  and  India,  and  from  it  the  pure  acid  is  prepared 
by  precipitating  it  with  HCl  from  a  hot  solution. 

Ha^Pj .  loHjO  -I-  2HCI  ^  iNaCl  +  4H,B0^  +  sH^O. 

The  acid  separates  in  white,  shining  scales,  California  and  Nevada 
furnish  enough  borax  to  supply  the  entire  American  market.  Boric 
acid  is  soluble  in  25  parts  of  H^O  at  14°  C.  (57. a^  F,)  and  m  3  parts 
of  boiling  H3O.  The  solution  has  a  faint  acid  reaction-  The  add 
is  soluble  in  15  parts  of  alcohol,  and  is  also  soluble  in  glycerin,  to  the 
flame  of  both  of  which  it  imparts  a  distmct  green  color;  this,  and  the 
action  on  turmeric  paper,  are  used  as  tests.  If  a  strij)  of  tunneric  pai>er 
be  dipii^ed  in  a  solution  containing  HjBOj,  in  turns  reddish-brown 
on  drying. 

When  boiled  with  glycerin,  an  ether  is  farmeti,  known  as  boro- 
glycerid,  which  is  soluble  in  water,  has  a  neutral  reaction,  h  tasteless, 
and  h  used  as  a  preservative  for  foods.  Its  use  in  considerable  doses, 
as  well  as  that  of  boric  acid,  is  attended  i^ath  an  increased  excretion  of 
ureUj  irritation  of  the  kidneys,  and  shfjuld,  therefore,  be  used  with  some 
caution.     Owing  to  its  antiseptic  action,  h  is  used  in  surgical  dressings. 

Glyceritiim  boroglycerini  (U,  S,  K)  is  made  by  dissolving  thirty- 
one  per  cent,  of  Ixiric  acid  in  glycerin,  with  the  aid  of  heat. 

When  heated,  HgBOg  loses  one  molecule  of  water  at  100°  C.  (212^  F,), 
and  forms  metaboric  acid,  HBO^;  on  further  heating  it  forms  tetra- 
boric  acid,  HjB^Ot;   and  at  a  higher  temiJerature  boric  ajohydricle. 

Physiological  Action,— Boric  add  is  used  as  a  mild  antiseptic 
and  detergent.  It  is  often  used  in  applications  to  the  mucous  mem- 
branes, in  eye- washes,  and  in  internal  cavities. 

Boric  acid  and  its  salts  are  usually  poisonous  to  lower  animals  and 
plants.  Fatal  cases  of  poisoning  have  been  record^.  Serious  symp- 
toms of  great  depression  of  spirits,  low  temperature,  feeble  pulse, 
nausea  and  vomiting,  hiccup,  embarrassed  respiration,  etc.,  have  fol- 
lowed the  too  free  use  of  boric  acid.  It  is  generally  rapidly  eliminated 
in  the  urine.     Boric  acid  is  employed  very  extensively  as  a  preser\'ative 
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for  irmrioMs  articles  of  food  and  drink.  Whether  It  is  injurious  in  the 
ifllftlllitics  used  and  eaten  iti  this  way,  has  been  the  subject  of  conEicting 
eqpoiDaesits  and  is  still  unsettled. 


few 


To  the  suspected  substance  add  a 
On  Igniting  the  alcohiU»  the  Ilamu 


for  Boric  Acid  and  Borates*^  i. 

of  HCi  and  ihen  alcohoj  in  txicesi. 
with  a  brighl-green  cobr. 
A  pacce  of  litmus  paper  dipped  in  the  acidified  solulLcin  and  then  dried 
s  fcddish'btown  color  If  the  solution  contsitis  Sxiric  acid. 


ALUMOrUM  (Aiummitim). 

Al  =  a?. 

This  metal  Is  found  ver>^  widely  distributed.  It  exists  as  oxide  in 
Jvkff  SApphlre,  and  corundtim,  and,  less  pure,  in  emeiy^  Most 
CQSunofiljr,  it  occurs  as  the  silicate  {cky,  kaolin),  and  with  other  sili* 
als^  as  feld^iar  and  mlcai  and  in  many  cr^'stalline  rocks.  Emer- 
ild  is  a  silicate  of  aluminum  and  glucinum.  Garnet  and  topa^  are 
ibi  alicates  of  aluminum. 

CryiiUte  is  a  double  fluoride  of  aluminum  and  sodium, 
Prqiarftlkia  and  Properties.— Aluminum  may  be  oljtained   in 
iie  meuUic  condition  by  igmting  the  chloride  or  the  double  Ouonde 
ftf  Bc«lium  and  alominum  with  sodium. 

aSa^^F*  +  3Na,  -  Al,  +  iiNaF. 

It  ii  mnr  generally  manufactured  by  the  electrolysis  of  a  mixture  of 
fa^  oyofiter  N;ij.\ll\,  and  aluminum  oxide.  The  process  is  carried 
00  In  luge  carb<)ri-Uned  pots  which  form  the  fjosilive  electro<le.  Car- 
bon fods  piUtly  immersed  in  the  fused  bath  scn^e  as  the  a  node.  Fresh 
^*'  '^ ,  h  added  fnim  time  to  time,  and  the  metal  is  dniwn  nfT  from  the 
I  of  the  pot  Since  the  introduction  of  this  method  c»f  manufacture 
the  price  t»f  the  metd  has  greatly  decreased*  from  $go  per  lb*  in  1S56  to 
^  cents  |>cf  lb,,  and  its  use  greatly  incr&ised. 

It  »  Ji  silver  white  metal,  ^ery  mallaible  and  ductile,  a  good  con- 
of  dertricit);  sp.  gr.,  a. 56*  Al  oniinarj*  temf>craiurcs  it  is 
affected  by  air  or  oxygen.  When  hcateci  in  an  atmcjs|)herc  of 
ouygui.  It  bums  like  irf>n  and  Mime  other  metals.  It  is  insoluble  in 
amcadd,  btit  M>luble  in  Ixiiling  sulphuric  and  coftl  hydrochloric  acids* 
II  dMtolves  in  alkaline  hydroxides  to  form  aliuninates,  with  the 
fiiMmtioii  of  hydfoj?en.  It  forms  a  hard  and  durable  ;dlu>  ^vith  copj>cr, 
hinm  a$  atumiiium  bronza. 

Atttaunam  chloride,  .V1|CI„,  h  obbiinet!  by  the  action  of  chlorine 
90  healed  aluminum.     It  fi»rms  cuturless,  hexagonal  prisma*,  fusible, 
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volatile^  and  very  soluble  in  water  and  alcohol  It  o^'stalii^jes  fram 
a  bt)t  concentrated  stilution  with  isHjO. 

Aluminum  oxide,  alumina,  AljOj,  is  found  crystallized  in  prisms, 
and  colored  by  other  admixtures,  in  ruby,  sapphire,  and  corundum. 
These  minerals  are  all  exceedingly  haid^  ranking  next  to  the  diamond  in 
this  respect  Alumina  may  be  obtamed  artiiicially,  by  igniting  the 
hydroxide,  as  a  light,  while,  insoluble^  rxlorless,  and  tasteless  powder. 
\\Tien  prepared  as  above,  acids  attack  it  with  great  difficulty.  It 
may  lie  decomposed  by  fusing  with  caustic  alkalies  or  acid  potassium 
sulphate. 

Aluminum  hydroxide,  Al5(OH),j^  is  formed  by  precipitating  a 
soluljim  of  an  aluminum  salt  with  ammonium  hydroxide  or  carbonate- 
Altmiini  hydroxidum  (U.  S,  P.)  is  prepared  by  precipitating  a 
solution  of  alum  with  sodium  carbonate. 

WtiQU  freshly  precipitated,  it  is  insoluble  in  water,  but  soluble  in  solu- 
tions of  the  fixed  alkalies.  By  prolo  nged  dryings  or  after  standing  u  nder 
water,  it  is  rendered  almost  insoluble  in  acids,  although  it  undergoes  no 
apparent  change  in  comjXJsition  or  form. 

Aluminum  sulphate,  altuninl  sulphas  (U*  S,  P.),  Alj(SOJ,  ,* 
i6HjO,  is  prepared  artificially  by  the  action  of  sulphuric  acid  U|xjn 
kaolin  or  clay,  and  also  by  dissolving  aluminum  hydroxide  in  the  same 
acid. 

Al^(OH),  +  jHtSO,  -  AJa(SO,),  -f-  6tr,0. 

It  crystallizes  in  thin  plates,  soluble  in  water  and  sparingly  so  in 
alcohol.    WTien  heated,  it  fuses  and  becomes  anhydrous. 

Alums. — These  are  double  salts  formed  by  the  combination  of 
aluminum  sulphate  with  the  alkaline  sulphates.  The  salt  originally 
known  as  alum  is  the  double  sulphate  of  aluminum  and  poUissium, 
KjAl3(S0J,  *  24H^O.  It  is  obtained  from  clays  free  from  iron,  and 
from  aluminite,  a  biisic  sulphate  of  aluminum.  The  potassium  in 
this  alum  can  be  replaced  by  stxlium,  ammonium,  rubidium,  cesium, 
and  thallium.  Potassium  alum,  aliynen  (U,  S.  P.,  Br.),  KjSO^ , - 
Al3(S0Jj .  24HjO,  forms  Uirge,  regular,  transparent,  octahedral  crys- 
tals, soluble  in  water.  Heated  to  about  redness,  it  loses  forty- five  per 
cent,  of  its  weight  of  water,  forming  the  product  known  as  burnt  alum, 
or  alumen  exsiccattim  (U,  S,  P,,  Br.).  Thus  prepared,  it  is  a  diy, 
white  powder,  having  a  strong  affinity  for  water.  Aluminum  and 
ammonitun  sulphate,  or  ammonia  alum,  Al3(SO^)j, .  (NH J^SO^ .  - 
34HjO,  is  rapidly  taking  the  place  of  the  potassium  alum,  from  which 
it  differs  in  being  more  soluble  in  water  between  ao*^  C\  (68**  F.)  and 
40^^  C.  {104^  F.)p  and  less  soluble  in  water  colder  or  warmer  than 
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this*  AmmnnJa  alum  is  included  in  the  British  Pharmacopoeia,  At 
about  the  temperature  at  which  potash  alum  loses  its  water,  ammotiia 
ilium  decomposes^  losing  its  ammoma.  Ferric  iron,  manganese,  and 
duomium  may  replace  the  aluminum  in  alum  and  form  a  series  of 
alums  known  as  ferric  alum,  Fej(SO J^ .  (NHjjSO| .  24H^O;  man- 
ganese alum,  Mn3(SOJa.  {NHJjSO^<  24HjO;  and  chjome  alum, 
Cr,(SOJ,  -  (NHJjSO, .  24Rp. 

Uses. — Alum  is  an  astringent  and  styptic-  It  is  used  as  a  mor- 
dant  in  calico  printing,  m  dyeing,  and  to  produce  aluminum  lakes, 
used  as  pigments. 

Tests* — I.  Solutions  of  aluminum  salts  gi%'e  a  white,  gelatinous  hydfoxidcp 
AyOH),  with  NaUH,  KOH,  or  NHjOH,  soluble  in  an  eJcccss  of  the  first  two  of 
these  reagef^s. 

t.  Anunoiuum  carbonate  and  anunonium  sylphide  produce  a  white  precipi- 
tate of  AyOH)„  but  not  a  cajtx>0ate  or  sulphide* 


METALS  OF  GROUP  V. 

Vanadium,  V    =-     51, a 

Columbium,        Cb  =     94. 
Iteodymiuin,       lid  =  14J.6 
Praseodymium,  Pr  =  145.5 
Tantalum,  Ta  =  183. 

The  members  of  this  group  are  ail  rare  metals,  not  used  in  medicine. 


METALS  OF  GROUP  VL 

Chromium,  Cr   =    53,1 

Holybdeniim,  Mo  =^    96. 

Wolfram  (Tuisgsteti),  W    =184, 
Uranium,  U    ^  338*5 

Of  these»  chromium  and  molybdenum  will  be  noticed  at  length 


CHROMIUM. 

Occurrence,  Preparation,  and  Properties, — This  metal  most 
cnmmonly  occurs  in  chromite,  or  chrome  iron-ore,  a  ferrosochroraic 
oxide;  aUo,  rarejy,  as  lead  chromate.    It  may  be  isolate  with  diM- 
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culty  from  its  oxide  by  reducing  it  with  charcoal,  or  from  the  chlo- 
ride by  retlucing  with  zinc.     It  may  be  made  from  the  oxide  by  treat- 

men  I  with  powdered  aluminum  in  the  electrical  furnace.  If  cmre  l^e 
taken  to  have  an  excess  of  CrjO^  presentj  nearly  pure  chromium  is 
obtained.  It  is  a  bard,  glistening,  steel-gray  metiil,  magnetic  at  low 
temperatures;  sp.  gr.,  6.8,  It  oxidizes  only  at  a  rsd  heat,  and  is  soluble 
in  hydrochloric  add  and  strong  alkalies. 


CHROMTOM  COMPOUWDS. 

Chromium  forms  three  sets  of  compounds  corresponding  to  CrO 
(dyad  chromium),  Cr^O^  (tetrad),  and  CrO^  (hexad).  The  chn^mous 
com  poll  nd^^  have  a  great  tendency  to  pass  into  the  chromic  comjKJunds. 

Chlorides,— Two  chlorides  are  known:  chromotis  chloride, 
iCrClj,  a  while,  crystalline  sohd,  dissolving  in  water  to  form  a  blue 
solution;  and  chromic  chloridei  CrjCI^,  occurring  in  large,  red  crys- 
tals, insoluble  in  water,  unless  a  trace  of  the  chromous  chloride  be 
pres<.*nt,  when  it  readily  dissolves.  If  U  l>e  subjected  to  a  prolonged 
bcnling  with  water,  it  finally  dissolves  forming  a  green  solution  con- 
taining a  hydroxide.     An  oxychloride  is  abo  known. 

Chromous  Hydroxide.— Cr(0H)3.  This  compi>und  is  pro- 
duced  by  precipitating  chromous  chloride  with  potassium  hydrcudde. 
It  acts  as  a  base^  yielding  chromous  salts. 

Chromic  oxide,  chromiimi  sesquioxide,  green  oxide,  Cr^O,, 
is  obtiiined  b)'  calcining  a  mixture  of  starch  anil  piilassium  dichromatc. 
Thus  prepared,  it  is  a  green  powder,  insoluble  in  water,  acids,  or  alkaUes, 
and  fusible  with  difficulty.  When  fused  with  alkaline  hydroxides  or 
nilrates,  the  chromium  passes  over  to  the  hexad  condition  and  forms 
chroma tes  of  these  metals. 

The  oxide  may  play  either  a  positive  or  a  negative  r61e,  depending 
ujM^n  the  ion  with  which  it  unites.  For  example,  with  the  strongly 
negative  sulphuric  inn  it  forms  chromium  sulphate,  Cr3(S0|)j;  while 
with  calcium  or  magnesium  oxide,  calcium  or  magnesium  chromates 
are  obtained,  CaCrO^,  or  MgCrO^, 

Chromic  sulphate »  Crj(SOJ|,  is  obtained  by  dissohing  chronuc 
oxide  in  sulphuric  aci<];  upon  slowly  evaporating,  it  crystallizes  with 
twelve  mnlecules  of  water. 

There  are  two  series  of  chroniium  salts,  the  one  green  and  the  other 
violet.  The  alkaline  hydroxides  throw  down  a  bluish-green  hydroxide 
from  the  green  salts,  and  a  violet  from  the  violet  sidts. 

Chromium  sulphate  exists  as  a  violet,  crystalUne  solid,  and  as  a 
green,  amorphous  solid.  With  the  alkaline  sulphates,  chromium  sul- 
phate forms  double  salts— the  chromium  alums.     (See  p.  268,) 
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Chromic  Anhydride^  Chronui  Trioaddum  (U,  S.  PO^—CrO^ 
Thb  h  sometimes  improperlv  called  chromic  uchl.  It  is  prepared  by 
mddmg  one  and  one  half  parts  of  stroi^  sulphuric  acid  to  one  pari 
of  concentrated  solution  of  potassium  dichromate.  Ulien  the  solution 
coob,  splendid  saffron-colored  needles  of  the  trioxide  cnstalfize  out, 
which  m^y  be  dried  on  a  porous  tile.  It  h  a  powerful  o:ddant,  ig- 
niliog  ala^hol  if  the  latter  be  poured  upon  it.  It  is  used  in  medicine 
as  a  caustic^  forming  a  superficial  eschar. 

Chromic  Acid, — H,CrO|.  This  can  not  be  isolated,  but  by  sohi- 
tioD  of  chromium  trioxide  in  water  an  acid  liquid  is  obtained  oootain- 
ing  chn^mic  acid.     This  acid  decompo^  on  e%'aporation- 

The  best  known  of  the  salts  of  this  acid  are  potassium  chromate 
and  dichromate,  K^CrO^  and  KjCr^O;.  The  last  of  these  possesses  the 
prfij>crlies  of  the  trioxide,  but  in  a  milder  degree.  It  is  somettni^  used 
E9  an  escharotic,  but  much  more  frequendy  as  an  oxidizing  agents 
when  mixed  with  sulphuric  acid.  None  of  the  other  prepamtioiis  of 
cliFoniium  are  used  in  medicine.  Internally,  in  large  doses,  it  acts  as 
an  irritant  poison. 

Potassium  chromate,  K^CrO^,  obtained  by  adding  a  solution  of 
potassium  hydroxide  to  one  of  potassitim  dichromat€,  and  this  latter 
salt  have  been  described  on  page  227. 

Tozicolo^. — The  chrxj mates,  especially  potassium  dichromate, 
aie  irritiknt  poi.sons.  They  are  also  liable  to  produce  a  form  of  chronic 
poisoning  in  workmen  handling  them,  characteri^jed  by  ulcoation  of 
the  septum  of  the  nose  and  excoriations  of  the  skin.  The  most 
prominent  symptoms  in  acute  poisoning  are  vomiting,  epigastric  pain, 
cramps,  excessive  thirst,  and  collapse.  The  tr^tment  consists  in  the 
Upe  of  emetics,  followed  by  magDesium  carbonate  in  nulk. 


MOLYBDENUM, 


Tim  dement  Is  of  little  iinportancc  itself,  but  some  of  its  commmiids  are  used. 

1Io]|-bdic  Trioiide ,  or  Anhydride .  —  Mof  >^  This  oxitli?  is  obtained  by  mast' 
vn^  Xhc  milivc  sulpbirlc  in  an  oj^K-n  vtsfcl  ai  .\  rtd  hffll*  The  prrndpaj  inlercsl 
AdKcbrd  to  it  L%  its  ufr  m  prepanng  anLmonium  molybdatt,  a  reagent  used  ki 
detect  mfid  estimate  phosphorii:  add,  and  vi-hkh  will  be  mcntkiied  as  a  leag^ol 

The  ImpuEv  ctxide  obtzuned  by  roasting  the  mineiml  molybdenite,  MoS,^  Is 
dissojvcd  in  amrndtihim  hydrojade*  evaporated  to  dryness,  rcdiis(>lved  in  water* 
CTC»iurnt rated  !iy  evapfjratlon,  and  alloweo  lo  ctystalllze.  The  soluble  molybdalcs 
give  a  prrrlpjtate  of  MoO,  on  the  addituin  of  an  acid;  but  it  is  soluble  in  txmm 
of    '  The  itiolyVirlaie^  give  a  white  predpitate  with    the  earthy  meuls^ 

H  iHc  add  or  the  phosphates^  a  solution  of  atninoniuTn  molybdate  con- 

taiii^iJ.^  ^ii  ^xcess  of  nitric  add  first  turns  yellow,  ihen  deposits  a  yellow  precipitate 
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of  molybdic  triojtide,  phosphoric  acid,  and  ammotiia,  »hich  is  very  solahlc  in  am* 
monk  water.  This  is  a  very  delicate  test  for  pho&pboric  ftdd*  Pyropho&phai*^ 
BJ^d  meUphosph^U-s  di>  n^it  give  this  reaction.  Arsenic  scid  gives  &  samil&r  pre* 
cjpilatc*  Phosphomolybdic  acid,  (H^Oj), .  jjMoO,,  is  empici»y«l  as  a  n-agent 
for  alkaloids.  It  may  be  prepared  by  digesting  molybdic  tnojdde  with  phosphoiic 
add  until  a  clear  solution  is  obtained.     When  this  tiolution  is  e%'aporated  to  diy- 

^ncss,  a  tenacious,  non-rrystalline  mass,  very  soluble  in  water  and  alrohol^  ttisults* 
The  reagent  usually  employed  is  a  ten  per  cent,  solution  in  water* 


TUlfGSTEN  (Wolfram). 

W  =  184. 
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Tungsteii  Is  not  abundant.  It  occurs  in  the  minerals  wolfraniite,  schu- 
lite,  and  atoLzile,  all  of  which  arc  tungstates.  Although  eeoeraily  regarded  as 
a  metal,  it  often  piay&  tbc  negative  role,  forming  tungstic  acid  and  tungsutes. 

The  element  is  a  hard,  brittle,  difi^cultly  fusible  metal,  permanent  in  the  air, 
but  burns  to  the  oxide  at  a  red  heat.  Of  the  comjxjunds  of  tungsten,  the  sodium 
tungstatc  alone  h  of  intere^^t  lo  the  medical  student,  as  a  tc^t  reagent  for  albumin. 

Tungstic  acid,  HjWU^,  is  a  yellowish-white  powder  thrown  down  from  boil- 
ing alkaline  solutions  of  lunptic  oxide  by  mineral  acids.  It  forms  with  bases 
uumemus  salts,  called  tunptates,  I  he  most  important  of  which  is  stxlium  lung* 
state*  NajWO| .  aHjO.  This  has  rccertlly  attained  considerable  imponaace  as 
a  test  lor  albumin  in  urine.  A  cold  saturated  solution  of  this  salt,  added  to  add 
solutions  of  the  proteidSf  coagulates  them.  This  salt  is  also  usc<i  to  render  fabrics 
unin  flammable. 

Phospho tungstic  acid  is  vcrj'  much  used  as  a  reagent  for  peptones  and  al- 
kaloids. The  ncageni  is  usually  prepared  from  sodium  tungstate  by  adding  td 
A  hat  solution  of  this  salt  enough  phosphoric  add  to  make  it  dccidetlly  acid.  It 
is  then  cooledi  made  strongly  acid  with  liCI,  allowed  lo  stand  twenty -four  hours^, 
iind  lillereil. 


URAlfroM. 


The  princitwkl  ore  of  this  metal  is  uraninite,  U»0^  which  usually  contaiiift 
iron  and  some  rare  melals.  The  metal  is  of  little  interest.  It  forms  two 
tKsddc:;,  ro,  and  UOp  In  the  salts  of  uranium  UOj  acts  as  a  bivalent  radical, 
railed  iirajiyl,  and  the  salts  uranyl  salts.  Uranyl  nitrate,  UO,tNO,)^  occurs  as 
|[T^?i'nish->'i  lltjw  prisms,  soluble  in  water, 

Uranyl  acetate,  UOj(CjHgOj)j  also  occurs  as  greenish->*ellow  cri^tals  resem* 
Hing  the  nilratiN  These  two  sails  are  used  as  reagents  for  the  estimation  of  phos- 
ph«M-ir  Atitl^  with  which  they  form  a  yellowish -white  precipitate  of  uranyl  phosphate. 
ChfKtfuium  (^viHe  imfKirts  to  glass  a  beautiful  greenish -yd  low  fluorescence.  When 
watti^i"  taken  from  the  direct  sunlight  into  a  darkened  room,  ibey  emit 

a  |1lKl^,  glow.     This  property  has  lately  been  shown  to  be  due  lo  the 

ywwtiH^^  «..^m  f^Lrc  metals,  radium,  polonium,'  and  actinium.  These  metals 
ttlv^  iMtlMling  ibf  the  it^markable  properly  they  possess  of  emitting  ravs  of  tight 
ill  llMr  «Utk^ 
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GROUP  Vn.— METALS. 
MAWGAKESE. 


Ocaarrence. — ^Mangancse  is  found  widely  distributed  in  nature. 
It  occurs  native  in  meteorites.  Its  most  common  ores  are  pyrolusite* 
MjiO,;  hausmannite,  MngO/,  braunite,  MnjO^;  manganite, 
MiijOj  .  H,0;  and  rhodochrosite^  MnCOj. 

Preparation  and  Properties,— It  is  obtained  in  the  metallic 
omditioo  by  healing  its  oxides  with  charcoal,  similar  to  the  smelting 
of  inm-  It  is  a  grayish-white,  brittle  metal,  very  hard,  and  fusing 
with  g^eat  difficulty;  sp.  gr.^  7.2.  Pure  manganese  has  found  little 
use  in  tbe  arts.  Sptegeleisen  and  ferromangaiiese  arc  alloys  with 
iTDiif  containing  carbon,  which  axe  used  in  making  stecL 

MAlfGAlTOUS  COMPOUiroS, 

Like  the  dements  iron  and  chromium,  it  forms  three  series  of  com- 
poiindb — the  manga  nous,  MnR^;  manganic,  Mn^R^;  and  the  salts 
of  mangnmc  acid,  called  manganates.  In  the  manga  nous  compounds 
the  metal  is  diatomic.  These  are  the  most  liable,  and  consti- 
liite  the  most  n^ramon  of  the  manganese  salt>.  They  resemble  the 
otts  salts  of  iron  and  chromium,  with  which  they  are  isomoq>hous, 
Jfanganous  oxide,  MnO,  results  from  the  ignition  of  the  carlK)nate, 
with  the  exclusion  of  air.  It  is  a  ^eenish,  amorphous  powder,  readily 
oxidizing;  in  the  air  to  MnjO,.  Mauganous  hydroxide,  Mn{OH)j, 
h  formed  by  adding  alkaline  h)draxidcs  to  manga  nous  5t>lutions,  as 
a  flesh-colored  precipitate,  which,  on  exfxissure  to  the  air,  oxidizes  to 
manganic  hydroxide,  and  turns  brown. 

llaiig&iiotis  chloride,  MnClj,  occurs  in  rose-colored,  tabular 
crystak,  which  deo:im^Ki;?e  on  dn'ing,  with  the  separation  of  hydrochloric 
add,  Hanganous  sulphate,  mangani  sulphas  (U,  S.  P^,  MnSO^, 
cryslmllizies  at  ordinary  temperatures  with  4H^O,  It  occurs  as  colorless 
or  pale  rose-colored,  prismatic  crj'stals^  soluble  in  0,8  [lart  of  water  at  1 5° 
C.  (sg^  F*)  and  in  one  part  of  boiling  water.  With  the  alkaline  sulphates 
it  forms  double  salts^-<?.  g.,  MnSO^  *  Kg^SO^ ,  sHjO.  Manganous 
cari>oliatep  MnCOj,  is  precipitated  from  manganous  solutions  by  alka- 
line  carbonates  as  a  white  powder,  turning  brown  on  exposure  to  the  air. 
Mangaitous  sulphide^  MnS,  occurs  in  nature  as  alahajiditef  or 
manganese  blende,  and  is  precipitated  from  manganous  solutions  by 
ilkaiifie  sulphides,  as  a  flesh-colored  hydrate,  MnS  .  H^O.  In  the  air  it 
abn  beasmes  brown. 
*9 
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MAHGAlfIC  COBIPOUlfDS. 

These  are  isomoq^hous  with  and  very  closely  resemble  the  ferric, 
chromic,  and  alumintc  compounds.  They  are  not  so  stable,  however, 
being  easily  reduced  to  the  manga  nous  stale.  In  them  manganese  is  a 
tetrad. 

Manganese  diojrlde,  mangajiic  peroxide,  black  oride  of  man- 
ganese^  MnOj,  occurs  native  as  the  mineral  pyrolusitCt  the  principal 
ore  of  manganese,  in  steel-gray  or  brownish,  imperfectly  crystallized 
masses.     It  is  official,  and  is  used  internally* 

\Vhtn  strongly  heated,  it  pelds  oxygen;  at  a  red  heat  it  yields 
more  oxygen,  and  forms  manganous-manganic  osdde. 

It  gives  off  oxygen  when  heated  with  sulphuric  add,  and  fomns  mangan* 
ous  sulphate.  With  hydrochloric  acid,  it  yields  manganous  chloride, 
water,  and  chlorine. 

MoOj  +  4HCI  «  MdCI,  +  3H,0  +  C!^ 

It  dissolves  in  cold  hydrochloric  acid  without  setting  free  chlorine, 
probably  forming  MnCI^^  which,  uj>on  heating  breaks  up  into  MnClj 
and  CI3*  From  this  it  would  appear  that,  in  the  dioxide,  manganese 
is  a  tetrad. 

Mangani  dioxidum  precipitatum  (U.  S,  P.)  is  prepared  by  pre- 
cipitating a  solution  of  MnSO^  with  NH^OH  and  H^O^,  It  is  thus 
obtained  as  a  heavy,  very  fine,  bbck  powder  without  odor  or  taste. 

Manganic  oxide,  Mn^Og,  is  a  black  jxjwder,  pnxluced  by  igniting 
the  manganese  oxides  in  a  current  of  oxygen- 

Manganous- manganic  Oxide,— Mn^O^  =  MnO  *  MnjO,,  This 
is  formed  by  the  ignition  of  all  the  oxides  in  the  air;  it  is  isomorphous 
with  magnetite,  l^'e^O^* 

Manganic  hydroxide,  Mnj(OH)ft,  is  precipitin  ted  from  solulioas 
of  manganic  Sidts  by  ammonium  hydroxide  as  a  flesh-colored  precip- 
itate, rapidly  turning  brown. 

Manganic  sulphate,  MnjtSO^)^ .  4H3O,  is  produced  by  the  action 
of  sulphuric  acid  ypon  manganic  hydroxide. 


idj 
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MAI?GAJfATES  AND  PERMANGANATES. 

The  derivatives  of  manganic  acid,  H^MnOi,  or  MnOaCOII)^,  are 
analogous  to  those  of  ferric,  H^FeO^,  chromic,  H^CrO^,  and  sulphuric 
adds,  HjSO^.  In  these  derivatives  manganese  is  a  hexad.  The  man- 
ganates  are  of  little  permanency  and  little  used. 

Potassium  manganate,  K^MnO,,  is  a  rare  substance,  isomor- 
phous with  potassium  sulphate  or  chromate,  and  is  very  readily  con- 
verted into  potassium  permanganate. 
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Potassium  pennanganate^  potassii  pennanganas  (U,  S.  P.,  Br,}^ 
KjMnjO^j  is  precipiuiled  as  dark-red,  glistening,  rhombic  prisms,  on 
^flilffig  tti£  mineral  acids  to  solutions  of  potassium  manganate.  So* 
lutiODS  of  potaSiSium  {:»€nnanganate  acidulated  with  H^O^  are  powerful 
ooddjzing  agents.  When  the  crystals  are  added  to  strong  HjSO|,  oxygen 
and  oaonc  are  ^ven  o3.  It  is  given  internally  as  an  antidote  to  mor- 
iditoeu 


iEious  salts  arc  precipiuted  with  NaOH  mad 
ydpomdt,  turning  biown  atsd  changing  ta 


Tests. — I.  Manganic  and  mai 
XHpH  as  a  white,  mangaamis 

MnsCOHV 

3.  (KHj)^  prrdpiute^  flesh -cobrcd  MnS, 

J.  When  fused  wiifa  a  mixture  of  KNO,  and  HslJCO^  on  a  platinum  foil»  the 
masiofi  coolii^  a^umcs  the  gnren  cqIot  of  the  sodium  and  potassium  inan^natcs. 


GROUP  VIII. 

The  members  of  this  group  are: 

Iron  (Ferrum),  Fe  «-    55*9  Rhodium,     Rh  ^  103^ 

HickeL,  Hi   »    58.7  Paltadium,  Pd  =  106*5 

Cobalt^  Co  =    59*  Iriditun,       Ir    ^  193. 

Ruth^oiumT      Ru  ^  101^7  Osmium,      Os  ^  191. 

PUtinum^Pt  -^  194.S 

Of  these,  imn,  nickel »  cobalt,  osmium ^  and  platinum  are  of  sufficient 
interest  to  be  given  a  place  here. 


mow, 

Occtirrence. — ^This  metal,  which  is  of  great  pnictjcal  Importance, 
b  distributed  ver>'  widely  in  nature.  It  occurs  native  upon  the  earth*s 
Sttrfacc  only  as  meteorites. 

The  ores  from  which  iron  is  obtained  are  numemus;  the  most  im- 
imrlmnt  are:  magnetite,  Fc,0|;  hematite^  ^^O^;  llmonite  (ferric 
B|droir]de);  and  side  rite,  FcCO,,  These  are  almost  the  only  ores 
used  for  the  manufacture  of  iron;  the  sulphur  ores  are  not  adapted  to 
this  pQTpose. 

Pfeparatioo. — In  some  cases  the  ore  is  first  toasted,  to  get  rid 
yf  water,  carbon  dioxide,  sulphur,  etc.  The  ne3rt  step  consists  ui  the 
txtmction  of  the  iion  from  the  ores,  in  which  it  eidsta  as  an  oidde;. 
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This  is  accomplished  by  reduction  with  carbon  at  a  glowing  heat. 
This  reduction  is  effected  in  a  blast  furnace  (Fig.  60).  of  which  the 
interior  has  the  shape  of  a  double  cone.  It  is  about  fifty  or  sixty  feet 
high,  by  fifteen  feet  wide  at  its  widest  part,  is  built  cif  the  most  infysi- 
ble  fire-brickj  and  inclosed  in  solid  masonry.  It  is  filled  at  the  top 
with  alternate  layers  of  coal,  broken  ore  (either  native  or  previously 
roasted),  and  fluxes  in  the  form  of  limestone  or  silicates.  These  duxes 
facilitate  the  melting  together  of  the  reduced  iron,  and  furnish  a  liquid 
slag.  The  air  necessary  for  a^mbustion,  usually  heated  to  a  high  tem- 
perature beforehand,  is  forced  into  the  bottom  of  the  furnace,  through 
pipes,  called  twyers,  by  blowers  or  fans.  The  metal  h  drawn  off  at  the 
bottom.  In  the  lower  part  of  the  furnace  carbon  dioxide  is  produced  from 

the  oxygen  of  the  air  aud  the  cxial;  higher 
up,  carbon  monoxide  h  produced,  which  acts 
upon  the  oxide  of  iron,  reducing  it  to  the 
metallic  state.  As  the  reduced  iron  sinks,  it 
comes  into  contact  with  the  coal,  takes  up  a 
small  quantity  of  carbon,  and  forms  cast- 
iron,  which,  on  further  sinking,  fuses,  and 
is  draw^n  off  into  molds  made  in  sand,  to 
form  pig-iron.  The  earthy  impurities  of 
the  ores  remaining  in  the  furnace  unite  with 
the  iluxes,  fuse  in  the  intense  heat,  and  are 
drawn  off  as  slag.  The  pig4ron,  contain- 
ing 2»3  to  5  [>er  cent,  of  carbon,  is  then  sub- 
jected to  the  puddling  process^  by  which  it 
is  more  completely  freed  from  carbon  and 
slag,  and  wrought-iron  results.  This  proc- 
ess is  usually  carried  on  in  reverberatoiy 
Fic.  to.— Blast  Fchnace,  fumaces  With  a  free  supply  of  air,  while  the 
half-molten  mass  is  being  thoroughly  stirred. 
The  greater  part  of  the  carbon  is  in  this  way  burned  into  carbon  monox- 
ide, and  the  silicon^  sulphur^  and  phosphorus  oxidized.  The  iron  from 
the  piiddling  furnace  is  taken  out  in  the  form  of  large,  soft  masses^  called 
bk>oms» and  Tolled  into  bars.  Steel  was  formerly  prepared  from  wrought- 
iron  only,  by  cementation^  or  heating  wrought -iron  packed  in  leather 
shavings  or  with  charcoal.  At  present  it  is  chiefly  prepared  direcUy  from 
cast-  or  pig-iron  by  the  method  invented  by  Bessemer  in  1S50.  This 
process  consists  in  blowing  air,  under  high  pressure,  into  a  mass  of 
molten  cast-iron  until  the  carbon  has  been  burned  out,  when  spiegei- 
eisen  (page  273),  containing  a  known  quantity  of  carlx^n,  is  added 
to  give  the  proper  amount  for  steel  The  l)est  steel  contains  about  1  to  a 
per  centi  of  carbon*    A  much  harder  steel  is  niade  by  adding  manganese 
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or  chromium.  Nickel  makes  steel  tough  and  malleable.  It  is  used  * 
for  armor  plale&.  Pure  iron  Is  obtained  by  heating  ferric  oxide  in  a  ] 
oirreot  of  hydrogen;  this  is  the  ferrum  rediictum  of  the  U,  S,  P.,  Br 

FcjO,  +  3H,  -  3H,0  +  Fcy 

Properties.-— Pure  iron  is  soft,  fuses  at  about  1600**  C.  (^912*^  F.), 
and  has  a  sp.  gr.  of  7,25  to  7.9.  Iron  is  not  affected  by  dry^  air  at 
ordinary  tempenUyres;  in  moist  air  it  co%'ers  itself  with  a  thin 
laj^r  of  ferric  hydroxide,  known  as  rust.  Heated  strongJy  in  the 
air,  it  becomes  coated  with  a  layer  of  ferrous-ferric  oxide,  Fe^Oi, 
which  b  readily  loos^ied,  forming  the  blacksmilhs'  scales.  At  a  r^ 
heat  it  decomposes  water,  with  the  formation  of  ferrous- ferric  oxide 
and  the  liberation  of  hydrogen, 

jFc  +  4H,0  -  FeA  +  4H^ 

It  bums  fn  oxygen  with  an  intense,  scintillating  light.  If  brought 
into  contact  with  a  magnet,  iron  becomes  magnetic.  Tempered  steel 
is  the  only  form,  howe%'er,  that  retains  the  magnetism. 

Iron  unites  directly  with  chlorine,  bromine,  iodine,  sulphur,  and 
the  members  of  the  phosphorus  group,  except  nitrogen-  It  dissolves 
readily  in  hydrochloric  and  sulphuric  acids,  with  the  evolution  of 
hydrogen.  In  dilute  nitric  acid  it  dissolves,  with  the  separation  of 
nitric  oxide*  Concentrated  nitric  acid,  however,  remJers  it  passive, 
when  it  is  no  longer  attacked  by  the  diluted  acid,  until  the  passive 
condition  is  destroyed  by  contact  with  silver^  pLatinum,  or  o^pper,  or 
by  heating  to  40°  C.  (104*^  F.J, 


FERROUS  COMPOUNDS, 

These  are  formed  by  dissolving  iron  in  an  acid,  or  by  the  reduction 
of  ferric  salts* 

Fc^U  +  2ti  -  (FeCl^),  +  ZnCl^ 

They  are  usually  of  a  green  color  in  the  hydrous  state.    Exposed  to 
the  air,  they  oxidize  to  ferric  salts, 

4FeO  -i-  Oj  —  aFc,Or 

Ferrous  cliloridei  FeCl,,  is  formed  when  iron  is  dissolved  in 

liydnKhl(>ric  acid»  It  cr%'^staUi2es  in  green  monocUnic  prisms,  con- 
tiiitiing  four  molecules  of  water.  Exposed  to  the  air,  they  deliquesce  ■ 
and  otidize,  forming  ferric  chloride  and  an  oxychloride.  The  an- 
hydrous chloride  which  is  formed  by  passing  hydrochloric  add  gas 
Of^  iron  that  is  heated  to  rednesii  is  a  voktile,  yellowish^vjhite,  very 
soluble  soUd. 


MEDICAL  CHEMISTRY. 


Ferrous  Iodide,  Fel^,  is  obtained  in  s4>lulian  by  adding  an 
excess  of  iron  to  iodine  suspended  in  warm  water  until  the  solulkso 
is  pale  green. 

Saccbarated  ferrous  Iodide  is  made  by  reacting  upon  iron  with 
iiKJine  in  the  presence  of  waiter,  evaporating  the  solution  to  diyness, 
and  mixing  with  sugar  of  milk. 

V     Synipus    ferri   iodidi    (U,  S.  P,)   contains    about  5  per   cent. 
of  Fel,. 

Ferrous  oxide,  FeO^  is  a  blacik  powder  produced  by  the  reduc- 
tion of  ferric  oxide  by  carbon*     It  easily  oxidizes  again. 

Ferrous  hydroxide,  Fe(OH)j,  is  precipitated  from  ferrous  solu- 
lionsj  by  alkaline  hydroxides,  as  a  while,  gelatinous  precipitate.  It 
also  readily  oxidizes,  becoming  green,  and  then  brown. 

Ferrous  sulphate,  protosulphate  of  iron,  gi^en  vitaiol,  cop- 
peras, ferri  sulphas  (U.  S.  R,  Br.),  FeS04,7H30,  is  obtained 
pure  by  dissolving  iron  in  dilute  sulphuric  add. 

^The  commercial  salt  is  obtained  from  pyrites,  FeS^,  by  oxidation, 
ind  as  a  by-product  in  cither  processes.  It  forms  oblique  rhombic 
'  prisms.  When  heated  to  100°  C.  (212^  F.)  it  gives  off  six  of  the  seven 
molecules  of  water  and  forms  ferri  sulphas  exsiccatus  (U.  S.  P,,  Br.), 
FeSO^ .  HgO.  This  is  11  nearly  white  fxiwder,  slowly  but  completely 
soluble  in  water.  At  a  red  he^it  it  decomposes  into  ferric  oxide,  and 
sulphur  dioxide  and  trioxide.  On  this  pmperty  is  based  the  pro- 
duction of  fuming  or  Nordhausen  sulphuric  acid. 

Green  vitriol  has  an  cjclend^l  use  in  the  arts,    .\mong  other  uses, 
it  is  employed  in  the  manufacture  of  ink,  and  as  a  mordant  in  dyeing- 
Ammo  mo-ferrous   sulphate,    FeSO^ :  (NHi)j{SO  J^ ,  6HjO,  is  a 
green,  crj^slalline  salt  resembling  the  sulphate.     It  is  more  stable  than 
ferrous  sulphate. 

Ferrous  carbonate,  FeCOj,  exists  in  the  mineral  siderite.  It 
may  be  obtained  Ijv  adding  s<xlium  carbonate  to  ferrous  solutions^ 

FeSO,  +  Na^COj  =  FeCO,  +  Na^O^. 

It  is  rapidly  changed  to  ferric  hydroxide  on  exposure  to  the  air* 
IS  insolubk  in  ptire  waler,  but  sf:»luble  in  water  containing  carbon 
4Eid  is,  therefore,  present  in  many  natural  waters. 
l^nl  CttrtK^nas  saccharatus  (U.  S.  P.)  is  a  mixture  of  ferrous 
,yt  5ii|ffi^,  It  is  pre[>ared  by  mixing  solutions  of  ferrous 
1  senium  bicariK^nate,  filtering,  washing,  and  adding  sugar; 
b  tbcQ  cvap(irated  to  dryness.  It  is  a  greenish-gray 
IW  5^^  k  iiJtled  to  prevent  oxidation  of  the  FeCO^ 


i 


I 
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DION, 


Feni  caxbonas  saccharatus  (Br.)  is  prepared  from  FeSO^ .  7HaO, 
ammonium  carbonate,  and  sugar. 

FeiToiis  phosphate,  triferrous  phosphate,  Fej(POJj,  is  a  white 
pnedpitate  formed  W  adding  sodium  phosphate  to  a  solution  of  a  fer- 
KHis  salt.  It  turns  blue  on  exposure  to  the  air,  a  part  being  converted 
into  ferric  phosphate.  It  is  insoluble  in  pure  water,  but  slightiy  soluble 
in  water  containing  carbon  dioxide  or  acetic  acid,  A  soluble  or  acid 
phosphiite,  feni  phosphas  soluhilis,  is  official.  A  phosphate  of  iron 
thai  turns  blue  on  exposure  to  the  air  exists  in  the  lungs  in  phthisis,  in 

■  booes  which  ha\e  been  buried  for  some  time^  and  occasionaOy  in  pus* 
Ferrotis  sulphide,  protosulphidef  FeS,  may  be  obtained,  first, 
by  fusing  a  mixture  of  sulphur  and  iron  filings,  although  the  union 
will  often  occur  slowly  at  ordinary  temperatures;  second,  by  the  pre* 
dpitation  of  a  ferrous  salt  with  alkaline  sulphides.  The  first  method 
forms  brow^nbh,  brittle,  fusible  masses;  the  latter  yields  a  black  pow- 
ler.  Ferrous  sulphide  is  not  decomposed  by  heat,  but  is  decomposed 
hy  sulpbuiic  acid,  with  the  formation  of  ferrous  sulphate  and  hydro- 
gen sulphide.  It  occurs  in  the  feces  of  persons  taking  chalybeate 
waters  and  preparations  of  Iron, 

Ferrous  lactate,  ferri  lactas  (U,  S.  P.),  FeCC^HsOJa .  sH^O, 
obtained  by  dissolving  iron  filings  in  lactic  acid.     It  forms  light 
[ydlow  crystals,  soluble  in  water  and  insoluble  in  cold  alcohoL 

Ferrous  oxalate,  FeQO^,  is  made  by  dissolving  iron  In  a  solu- 
ion  of  oxalic  acid.    It  is  a  bright  yellow,  crystalline  powder,  slightly 
tbiein  hot  water. 

Ferrous  tartrate^  FeC^H^O^  is  formed  by  dissolving  iron  in  a  hot, 
Stiung  solution  of  tartaric  acid* 


^  FERRIC  COMPOUNDS, 

Ferric  chloride,  sesquichloride  of  iron^  perchloride  of  iroii| 
ferri  chloridum  (U*  S.  P.),  Fe^Cl^j,  may  be  obt^iined  in  anhydrous, 
^^ilatile,  deliquescent  plates  by  heating  iron  in  dilorine  gas.  It  may 
be  formed  in  solution  by  dissoh-ing  iron  in  hydrochloric  acid  and  adding 
a  fittle  chlorine  water  or  nitric  acid ;  or  by  diss<:>lving  the  oxide  or  hy- 
droxide in  hydrochloric  acid ;  or  by  the  action  of  chlorine  on  a  solution 
of  ferrous  chloride.  To  obtain  the  solid,  it  is  only  necessary  to  cvap- 
orate  and  cry^stallize. 

It  forms  yellow,  crystalline  masses  or  rhombic  plates,  readily  soluble 
in  water,  alcohol,  or  ether. 

The  liquor  ferri  chloridi  (U.  S.  P,),  or  liquor  ferri  per- 
chloridi  fortlor  (Br.),  is  an  aqueous  solution  containing  an  excess 
(if  acid. 
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The  U,  S*  p.  preparation  contains  not  less  ihan  29  pCT  cent,  of 
ferric  chlori(k%  and  the  Br.  preparaliun  58  per  cent. 

The  tinct,  ferri  chloridi  (U.  S.  P.)  is  the  same,  dilutetl  with 
alcohol^  and  contains  also  ethyl  chloride  and  ferrous  chloride.  It 
contains  about  13.28  per  cent,  of  Fe^C^,.  Tinct,  feni  perchlo- 
ridi  (Br.)  contains  14,5  per  cent,  of  FegCI^. 

Ferric  oxide,  sesquiostide  of  iTOn^  F<^0^  exists  in  nature  as 
hematite,  and  may  be  formed  by  heating  the  oxj'gen  compounds  of 
iron  in  the  air.  On  a  large  scale,  it  is  obtained  by  distilling  ferrous 
sulphate,  which  first  turns  white,  from  loss  of  water;  then  yellow, 
ovting  to  the  formation  of  a  basic  hydroxide,  and  finally  to  a  brick- 
red  ferric  oxide.  It  is  used  as  a  jxjUshing  material,  under  the 
names  of  colcotliar^  red  crocus,  jeweler-s  rouge,  or  caput 
mortiium. 

Ferrous-ferric  oxide,  Fe^O^  =  FeO .  Fe^O^,  occurs  native  as 
magnetite.  It  may  be  obtained  artificially  by  conducting  steam 
over  ignited  iron.  It  constitutes  the  natural  magnets,  or  mag- 
netite. 

Ferric  hydroxide,  ferri  hydroxidum  (U.  S.  P.),  is  a  vol 
uminous,  reddish-brown,  gelatinous  mass,  precipitated  by  alkaline 
hydroxides  from  ferric  solutions.  When  drici:!  at  icx?^  C.  (212°  F.), 
it  loses  aHjO.  Freshly  precipitated  ferric  hydroxide  is  soluble  in  a 
solution  of  ferric  chloride  or  acetate,  and  if  such  a  solution  be  dialyzed, 
tlie  iron  salt  diffuses,  leaving  the  pure  ferric  hydroxide  on  the  dialy^er* 
The  dialyzed  iron  so  obtained  is  coagulated  by  heat,  acids,  or  alkalies 
into  a  ielly-like  mass.  It  is  a  good  antidote  in  arscnic-ijoisoning. 
(See  [>.  176,} 

Ferric  sulphate,  Fe3(SOJj,  is  obtained  by  dissohing  the  oxide 
in  sulphuric  acid.  It  remains,  after  evaporating  the  SL*lmion,  as  a 
white  mas%  which  dissolves  readily  in  w*ater,  forming  the  liquor 
feni  tersulphatis  (U.  S,  P.),  liquor  ferri  persulphatis  (Br,)» 
This  solution  is  a  ditrk,  reddish-brown  liquid,  having  an  acid,  styptic 
taste.  Another  sulphate,  which  is  basics  is  formed  by  treating  ferrous 
sulphate,  77  parts,  with  nitric  acid,  and  evaporating  after  adding  7 
parts  sulphuric  acid. 

This,  in  solutioUp  is  the  liquor  ferri  subsulphatis,  or  MonsePs 
solution,  Fe^O(SOJs. 

Ferric  altmi,  ammonio-ferric  alum,  ferri  et  ammonU  sul- 
phas (U.  S.  P.),  (NllJjFcaCSOJ^ ,  24HP,  is  prepared  by  adding 
a  solution  of  ammonium  sulphate  to  a  solution  of  ferric  sulphate, 
and  evaporating  down  and  allowing  it  to  crystallize*  The  crystals 
are  colorless  to  ()ale  amethyst,  regutur  oclahctlra,  soluble  in  3  parts 
of  water  at  15^  C.  (59°  F.),    The  solution  has  an  add  reaction  and 


an  ^sCriDgeot  taste,  but  not  sd  astringoit  as  foric  sul^pliate.    It  ^vv9 j 
ibe  reactions  for  ferric  iitio,  anunonla,  and  gilfA*'*'^     It  is  4 
ID  medicine  as  an  astnng^t,  boih  iuten^Iiy  and  locaOj. 

Ferric  nitrate,  Fe^O^  is  iccmed,  togeAcr  witli  fcfrocs  mti&ie^ 
by  dij^l^ing  iron  m  nluk  wdd.  Liquor  ferri  pgimtimtii  (Br.)  is 
m  aqueous  solution  of  fenic  oiHate.  Feme  mHate  or^al^es  la 
likombic  prtsins  with  iSU^O,  or  in  cubes  with  12BJO. 

SaU£  Comptnmds  of  Imiw^Tbese  mtm  ceftain  laltB  of  ini^  BKsih-  wiik  ix* 
f^c  ftckk,  whiiLb  do  noc  cijMaJlac  imitlTf  but  aj^  poc  iato  tl^  laarltct  in  t^  fooa 
of  thin  dCAks.  Tbey  are  pr^pai^  bj  rvapontiog  ther  aotolioBi  Id  a  thkll«  j 
CdMOcoce,  spfcading  up^n  gla^s  plates,  diyil^  wad  ibot  * 


h&m  tbe  K^us.  Thiry  aj^  ail  us<^  in  tnedkiDe. 
*^  Fein  dtimi  (U,  S.  P.>— dtrat«  of  ircm — h  ptrpatcd  hf  t 
tSpttMUid  Imk  bydivmdc  isx  a  solution  of  dtric  acidp  rraporati  _ 
ftopcr  coQ^isteccirT  aod  scaling.  After  its  aqoooiis  saloiJDa  li^  been  r*jpOiHKdl 
apoQ  glaa.^  it  fomis  beautiful,  iMo,  tran&paient  scales,  of  a  gamct^td  txksr,  slow^  1 
aollibk  in  cold  but  freely  lo  hot  waier^  aod  possessing,  m  mild,  cbaJyfa^itc  lafic  ] 

^  Feni  et  ammomi  citras  ( U.  S.  P.). — Citrate  of  iion  and  aantioiaa  m  fanned  I 
bf  trcam^  a  solutkiD  of  citrate  of  imn  with  apunoinitim  hjndioxide^  ftnd  evrnpcoitiiif:! 
at  m  leaipeimtarc  tbat  &boold  tvH  exceed  60^ C  (14^  F.). 

It  aJso  forms  gamet^r^  $c^lis,  which  are  readOj  and  whollf  soluble  in  ^ 
IcvniiDg  a  sciluiii >n  that  is  netitral  to  Utmus  paper  aitd  slightlf  stjptk  in  tislev 

Ferri  et  ammonii  tartias  (U.  S.  P.)' — Taitrate  of  fion  ajid  ammooiat  a  double 
mh — tslonaed  hf  the  actasn  ol tartark  add  upon  feme  and ammomum  hjdiqsidabi 
VpcoL  craporatlqg  the  solution,  garoet-r^  scaks  remain,  whicb  are  sbwlj  soluble  ^ 
ia  water.    Tbcn-  solution  is  tieutial  to  (est-papeTj  and  b  of  a  sweetkh^  tatber  plea^ 


Fefii  et  potasaii    tartrai  (U.  S^  P.)i  farrom  tartafrnttim  (BrO»  1 
tartrate  of  iron,  niay  W  obtained  b^  dissolving  ferric  hvxjioxide  in  a  sc»luUon  of  acM  1 

tikitr^ie  of  jjuUs>ium  and  evaporating  on  glass-     It  foTt[i&  ruby-ned  ^aks,  having  1 
ablaut  the  same  pnjpertics  as  the  anunuiijotartrate*  J 

Ferri  at  Quinis  citras  (U.  S.  P^  Br.) — citrate  of  iron  oixi  qninine^ — contains 
citjic  aHdf  fenic  bydraie*  and  quinifie  citjate.  It  is  prepared  by  adding  quinine  and 
a  little  citric  acid  to  a  solution  of  ferric  dtratc,  and  evaporating.  It  forms  transpar- 
ent «£^Ics  of  a  gn-eni^h  tint,  slowly  Kilublc  in  cold  water,  but  fieely  in  hot  water 
forming  bitter,  slightly  styptic  solutions* 

Ferri  el  strychnjine  cttras  (U.  S.  P.)  closely  resembles  the  citrate  of  iron  and 
ammonia  in  appi*arance»  but  has  a  hitler  taste*  aod  gives  a  white  predpitaie  with 
amrr  ""-^  '  ■  ^-  -TTrJe.  It  is  prepansd  by  adding  a  solution  of  strychnine  citrate 
to  a  ite  of  iron  and  ammonium,  evaporating  on  a  water-bath  to  a 

tyrxii^. :._...  ^  ...  I  j  glass. 

Fenri  Phosphai  (Br.^.^Fc^fPOj)^    Phosphate  of  iitm  occun  as  the  t^ult 
of  a  doubJc  dec  om  pjsitlon  between  ferric  sulphate  and  sodium  pboepbate.     It  forms  j 
a  brif^ht,  slate -col'^ri'cl  [Hziwdrr,  insoluble  in  water,  but  soluble  in  wdos^  ^ 

Ferri  pboaphas  solubiiis  (U^  S.  P.)  is  prepared  by  adding  sodium  phosphate  * 
to  a  solution  of  ferric  ritrate,  evaporating  down  at  a  temperature  not  exceeJipg  60*^  C. 
(140^  ¥),  And  spn^adin^  upin  glass  to  form  scal^ 
^  Ferri  PyropbtJapbag  SnluhtUs  (T,  S,  P.)  — Fe^(P,OjV  Pyrophmphaie  of 
iroo  i*  formed  by  adding  a  solution  of  jodium  pyropbasphate  to  a  solution  of  a  ferric 
ritraie.  It  does  mjt  crystal  I  j^'«  but  forms  sca^tes  upon  evaporating  i|s  dilution. 
These  are  ihin^  appk-grecn  in  cobr,  turn  dark  on  exposure  to  tne  air,  and  are  soluble 
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in  watci-,  but  not  In  aJcoboL  Ammoruum  hydiotxide  produces  no  pr^cipiuite  in  its 
solution,  but  sodium  bydroxide  docs*  The  olfickl  salt  contains  forty -eignt  per  cent 
pj  anhydrous  ferric  pyrophosphate. 


i 


NICKEL, 

Ni  =  sB.7. 

Occurrence^    Preparation^    and    Properties,— This    metal    is 

found  native  in  metetiriles.  It^  most  common  ores  arc  niccoHte, 
KijASj,  and  nickel  glance^  NiAS^NiS^.  These  ores  of  nickel,  how- 
ever, usually  aiso  contain  cobalt^  and  the  cobaltous  ores  are  also  com- 
monly nickeb bearing.  The  separation  of  nickel  from  its  ores  is  a 
very  complicated  process,  and  for  an  account  of  it  the  reader  is  re- 
ferred to  works  on  metaUurgy.  Nickel  may  be  prepared  cbemicaUy 
pure  by  igniting  its  oxalate  or  carbonate  in  a  stream  of  hydrogen* 
This  metal  is  silver-white,  tenacious,  and  very  lustrous,  Sp,  gr,,  S.g, 
It  is  attracted  by  the  magnet.  It  does  not  alter  in  the  air,  but  dis- 
solves in  the  mineral  adds,  especially  nitric. 

j 

COMPOOKDS,  ^ 

The  follow ng  are  the  most  common  of  the  nickel  compounds; 
they  are  mostly  ous  compounds,  having  the  general  form  NiR,,  and 
all  possess  a  green  color;  nickelous  hydrostde,  Ni(OH)j;  nlckelotis 
chloride,  NiCI^  *  6HaO;  nickelous  cyanide,  Ni{CN)2;  nickelous 
sulphate,  NiSOi^yHsO;  and  nickelous  sulphide,  NiS.  Nickelic 
oxide,  NijO^,  and  hydroxide,  Nij(OH)a,  exist,  and  are  similar  to 
the  corresponding  cubah  compounds.  Nickel  is  used  largely  in  certain 
alloys,  and  for  electroplating. 


COBALT. 

Co  ^.  sp -r. 

Occurrence,  Preparation,  Properties,  etc.— Smaltite,  CoAs^ 
and  cobaltite^  CoAsj ,  C0S3,  are  the  most  commonly  occurring 
native  ores  of  cobalt.  It  is  prepared  in  the  same  manner  as  nickel 
It  is  a  white  metal,  tenacious,  and  fusible  with  great  difficulty;  sp,  ^., 
8.9,     Its  other  pro]>erties  are  very  similar  to  those  of  nickel. 

Cobalt  compounds  are  also  chiefly  ous  compounds,  corresponding 
to  the  general  form  CoR^.  Those  containing  water  have  a  reddish 
color;  the  anhydrous  compounds  are  blue. 

The    cobaltous    compounds    are:    cobaltous    chloride,    CoCltJ 
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coiialtous  hydroxide,  Co{H0}3;  cobaltous  sulphate,  C0SO4 .  7HjO; 
colialtous  aitratev  Co(N0^3  .  ^H^O;  and  cobaltous  5ulphide>  CoS. 

The  cobaltic  compounds  are  cobaltic  oxide,  CojO^  and  cobaltous- 
cobaltic  oxide,  Co^O^  ^  Co^O, .  CuO.  The  ktler  corresijontls  to 
magneUte,  F^O^. 

A  solution  of  cobalt  salt  to  which  some  sodium  nitrite  has  been 
added  Is  used  as  a  reagent  for  the  detection  of  potassium,  with  which 
it  gives  a  yellow  precipitate,  in  the  presence  of  acetic  acid. 

Tests  for  Iron,  Nickel,  and  Cobalt.— 1.  These  metals  are  aU  precipitated 
fojm  ojcutraJ  <ff  alkaline  soluu<fns  by  (NH4)HS  a£  black  sulphides. 

a,  Ammomum  hydrorade  precipitates  from  ferrous  solutions  greenish-white 
Fe(OH),  which  soon  turns  brown. 

Fram  ferric  salutioos  NH^OH  precipitates  a  reddish -brown,  floceulem  FcyCJ^ 
Nickel  iloes  not  precipitate,  but  the  solution  becomes  greeni^-blue- 

Potsssium  sulpbocyaoaie  gives  a  blood-rcd  color  with  ferric,  but  oo  cdor  with 
i        fcltDUs,in>asa]t^ 

IL        FolJissium  ferrocyanide  gives  a  deep-blue  color  with  ferric  salts. 
^B        Potassium  fenicyamdc  gives  a  deep-blue  color  with  ferroti^  salts. 

H      The   1 
"  **  metals  c 


THE  PLATINUM  GROUP  OF  METALS, 
last   six   elements   of   Group    VIII   are    usually  classed 


The   last   SIX   elements   ot   uroup    viu   are 

** metals  of  the  platinum  ores,**  or  the  platinum  group  of  metals. 

The  platinum  ore,  or  crude  alloy,  occurs  in  small  melitUic  grains  in 

5iands  of  a   few   regions,  chiefly  in  the   Ural   Mountains,  California, 

Brazil,  Borneo,  Australia,  and  Ceylon.     These  metals  all  form  hydrox- 

I       ides  (or  salts  representing  them)  having  acid  properties,  and  therefore 

I       pby  both  the  positive  and  negative  r61es.    Platinum  is  the  only  one 

used  to  any  extent  in  the  metallic  condition.     These  metals  are  very 

I      heavy;  osmium  has  a  sp,  gr,  of  2147,  the  highest  sp.  gr.  knowTi. 

^^  PLATINUM. 

^H  Ft  ^ 

^^  Oceufrence,  Properties,  etc< — It  exists  in  nature  associated 
with  the  other  members  of  the  group;  also  in  ores  containing  gold, 
lead,  silver,  and  iron. 

It  IS  a  lustrous,  white  metal;   sp,  gr.,  21.5*    It  is  very  lenacious» 

I  malkable,  ductile,  and  is  oipable  of  being  drawn  out  into  very  fine 
wire.  At  high  temperatures  it  softens  without  melting;  it  fus^  al 
about  1770*^  C.  (jai8^  F.).    Upon  hearing  the  double  chloride  of 
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platinmn  and  ammonium,  it  decomposes,  leaving  a  j 
spongy  nmss,  called  platinum  sponge.  This  latter  has 
of  absorbing  grmt  quamitien  of  certain  gases.  A  jet 
projected  iijjon  it  readily  ignites^  because  of  the  cond 
oxidation  of  the  hydrogen  in  the  |K>res  of  the  spionge^  tt 
oped  being  sufficient  to  ignite  the  hydrogen.  Platinum  i 
by  the  air  or  oxygen.  It  unites  with  chlorine ^  arsenic 
phur,  and  phosjjhorus.  It  docs  not  dissolve  in  the  single 
only  st>luble  in  liquids  generating  free  chlorine,  as  aqua 
many  heavy  metals  it  forms  easily  fusible  alloys,  Th« 
reducible  metallic  oxides>  as  those  of  arsenic,  lead,  etc. 
to  be  ignited  in  platinum  vessels.  Platinum  is  valuabli 
fusing  point  and  its  power  to  withstand  oxidation.  It 
because  of  its  scfircity. 

Platintim  Compounds* — These  are  of  two  seri^ 
PtRj^  and  plalinic,  PtR^.  In  the  first  the  metal  is  mc 
in  the  latter  more  negative  in  nature. 

Platinum  tetrachloride,  PtCl^,  is  obtained  by  dissob 
in  aqua  regia  and  evaporating  off  the  nitric  acid.  On  e 
cr>^stallij£es  in  soluble,  reddish -yellow  needles.  With  a; 
potassium  chloride  and  the  alkaloids,  it  forms  characU 
chlorides.  It  is  largely  used  as  a  reagent  to  precipital 
ammooium,  or  the  alkaloids,  for  quantitative  estimation. 
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OSMIUM. 

This  rare  metali  occurring  with  some  oi  the  other  platinum  nietal 
here  for  the  sake  ol  its  oxide,  OsOi,  which  has  received  considerabli 
staining  agent*    The  metal  resembles  platinum. 

The  tciro;isidf|  OsO^  (so-called  osmlc  acid),  may  be  prepared  1 
metal  in  air,  or  by  the  action  of  chlorine  and  moisture  upon  osmiur 
occurs  as  lustrous,  transparent,  yellow  needles,  having  a  very  irrit 
odor,  and  is  intensely  poisonous.  It  has  been  used  to  arrest  the  motioi 
organisms  in  water,  for  microscopic  examination. 

Many  kinds  of  organic  substances  reduce  this  oxide  and  precipi 
and  it  is  due  to  this  projjerty  that  it  has  found  use  as  a  staining  agen 
f  It  is  used  chiefly  in  a  one  per  cent,  aqueous  solution  for  6xing  and  5 

I  tissue*     Fat  is  blackened  by  it. 

I  V  Ostnic  acid  hits  been  employed  as  a  remedy  in  neuralgia,  goiter,  at 

in  doses  of  3V  <3f  a  grain. 


ORGANIC  CHEMISTRY. 

mXRODUCTION, 

The  substances  derival  from  the  animal  and  vegeLable  kingdoms 
are  composed  principally  of  four  elements ^  carbon,  hydrogen,  oxygen, 
and  nitixjgen,  with  occaslonaUy  sulphur  and  phosphorus.  Few  as  are 
the  chemical  dements  concerned,  the  numtjer  of  the  comjwuDds  of 
lese  elements  h  almost  endless.  Formerly  only  those  substances 
recUy  or  indirectly  derived  from  botlies  possessing  vegetable  or  animal 
c  were  consider*^  as  organic;  but  as  our  knowledge  increased,  a 
number  of  compounds  were  prepared  in  the  laboratory,  from  these 
tes,  which  were  identiail  with  others  prepared  by  plants  and  animals 
emselves.  It  was  thus  demonstrated  that  many  of  the  products 
of  living  or^nisms  could  be  prepared  by  pure  chemical  agencies  and 
that  a  Wtal  principle  was  not  necessary*  to  form  these  compounds;  and 
alsf)  that  by  the  same  chemical  action  a  great  many  compounds  could 
be  formed  which  could  not  Ije  found  in  either  animal  or  vegetable 
offganisnis.  This  groitly  enlarged  the  field  of  investigation ^  and  a 
new  meaning  was  altache^l  to  the  term  organic  chemistry*  It  was 
found  necessary  to  extend  the  science  to  include  all  bodies  in  any 
way  resembling  organic  compounds,  either  in  composition  or  p roper • 
ties— J.  e*,  all  compounds  containing  carbon  and  hydrogen.  Carbon 
hydrogen  are  the  indispensable  elements  to  the  formation  of  organic 
ies;  without  these  we  can  have  no  substance  capable  of  vegetable 
or  animal  life.  In  the  great  majority  of  organic  compounds  we  also 
have  os^geo  or  nitrogen,  or  both.  The  distinction  between  organic 
and  inorganic  compoundtv  is  more  one  of  convenience  than  of  fact 

Organic  chemistry  may  be  defineti  as  that  branch  of  the  science 
^f  chemistry  which  treats^  of  the  carbon  compounds  contamtng  hydro- 
"gen  and  nf  tht'Ir  ncnvLiiives. 

Wtilfe  Inuigunlt  lUIIIpounds,  as  a  rule*  contain  but  a  few  atoms, 
organic  compounds  frequently  contain  a  large  number;  and  the 
diversity  m  organic  chemistrv  is  obtained  not  alone  by  varying  the 
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kind  of  atoms,  but  by  varying  the  arrangement  of  a  I 
There  exist,  however,  certain  organised  bodies  which  possf 
ture  entirely  diflferenl  from  that  of  any  known  inorganic  bc 
fidal  organic  substance.  These  organized  structures  are  thi 
uct  of  vital  action,  and  can  not  bc  produced  in  the  laborat< 
are  composed  of  a  collection  of  organic  subsl;tnces  of  defin 
sitton.  Such  composite  bodies  are  the  cells  of  living  orga 
although  we  may  be  able  at  some  lime  to  construcl  molec 
to  those  composing  them,  we  shall  never  be  able  to  ii 
function  of  growth,  reproductioHj  and  other  vital  processe 
call  hfe.  The  complexity  of  organic  compounds  may 
attributed  to  the  inherent  properties  of  the  carbon  atom 
they  are  composed.  The  atoms  of  carbon 
a  remarkable  degree,  a  lendenty  to  cf^mbine 
into  groups  or  chains,  around  which  the  oth 
groups  of  atom.^  are  arranged. 

Separation  and  Purification  of  Orgi 
pounds. — The  study  of  an  organic  com  pout 
be  undertaken  when  it  is  obtainetl  in  a 
The  separation  of  a  pure  organic  sybstar 
mixture  is  often  attended  with  great  diffic 
often  necessary  to  employ  different'  methods  w 
mixtures.  The  qualitative  analysis  of  mixl 
known  organic  substances  is  often  a  matter 
difficulty.  The  methods  employed  are  vci 
from  those  employed  with  inorganic  substanc 
is  no  satisfactory  general  scheme  known  foi 
tative  separation  of  organic  substances,  Tl 
of  separation  of  organic  substances  are 
following: 

The  Use  of  Selected  Solvents,— Organic 
can  usually  be  separated  from  inorganic  substances  by  shakir 
with  such  solvents  as  alcoh<.d,  ether,  benzene,  chloroform^  a 
phidc,  carbon  tetrachloride,  aceU>ne,  etc.  Most  organic  con 
soluble  in  one  or  more  of  these  s^il vents,  while  the  inorganic 
are  insoluble  or  nearly  so.  Water  or  dilute  acids  may  so 
employed  as  the  solvent.  Solid  or  liquid  organic  substance 
be  separate*!  from  mixtures,  or  from  their  solutions  in  water 
the  solution  with  some  solvent  which  does  not  mix  with 
as  chloroform,  ether,  benzene,  amyl  alcohol^  etc.  Such  j 
termed  immiscible  solvents.  The  process  is  conducted 
rating  funnel  such  as  represented  by  Fig.  6i,  The  proc 
spoken  of  us  shaking  out  the  substance  vdih  the  solvent  u 
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shaltiug  the  mixture  of  liquid  and  &t>lvenl  vigorously  for  a  few  minutes, 
the  ^oel  is  set  aside  to  allow  the  two  liquids  to  separate  Into  two 
layers.  The  two  solutions  are  now  separated  by  drawing  off  the 
beamier  one  through  the  stopcock.  The  process  may  then  be  repeated 
witb  a  fresh  portion  of  the  solvent,  until  the  separation  is  complete. 
Thfi  solvent  is  then  evaporated  off  and  the  subistance  rea>vcred  in  the 
*  5i}M  or  liquid  state. 

Crystalii^ation,  when  it  can  be  applied,  is  one  of  the  simplest 
and  best  means  of  separating  organic  as  well  as  inorganic  substances. 
It  can  not,  however,  be  employed  with  many  organic  substances,  as 
they  ^^11  not  form  cry^stals. 

Fusmg  Point- — When  pure,  the  fusing  point  of  organic  com- 
pounds is  fairly  constant.  Some  of  these  compcmnds,  however,  de- 
compose before  reaching  their  fusing  points. 

The  fy^ng  point  is  usually  determined  by  placing  a  small  quantity 
of  the  substance  in  a  capillary  tube,  made  by  dra\^ing  off  a  piece  of 
glass  tubing  after  heating  it  in  the  flame  of  a  Bunsen  burner.  This 
tube  is  now  fastened  to  the  side  of  a  thermometer  by  a  rubljer  band, 
so  that  the  substance  is  opposite  the  bulb  of  the  thermometer.  The 
thermometer  and  capillary  tube  arc  then  placed  in  a  bath  of  water 
or  parafhn,  contained  in  a  beaker  or  flask ^  and  the  bath  is  gradually 
hcajted.  Whtn  the  substance  melts,  the  temperature  of  the  bath  is 
noted. 

Boiling  Point. — Most  organic  liquids  boil  at  a  constant  tempera- 
ture, and  without  decomposition-     A  mixture  of  different  liquids  does 
not  have  a  constant,  but  a  variable,  b<.iiling  point.     The  boiling  point 
at  a  constant  atmospheric  pressure  is  one  of  the  most  imi)ortant  means 
of  determining  the  purity  and  the  identity  of  an  orgam'c  compound. 
The  boiling  points  of  org3.nic  liquids  ser\^e  to  sqjarate  one  from 
another  ha\ing  a  higher  or  lower  IwiOng  point,  by  the  process  known 
as  fractional  distilbtion.     In  this  process  the  mixed  liquids  are  placed 
Ljji  a  retort  or  distilling  flask,  with  a  thermometer  susjiended  above  the 
liquid;   heat  is  now  apphed  to  the  retort,  and  the  distillates  coming 
I'cr  at  fixed  intervals  of  temperature  are  collected  separately.     By 
?j>^ting   the   process,  the   liquids   may  finally   be   separated.    The 
bcniing  pfunt  of   a    liquid   is  detemained  by  placing   it    in   a   dis- 
tilling flask  or  retort,  and  suspending  a  thermometer  through  a  per- 
[»nited  cork  in  the  neck  of  the  flask  so  that  the  bulb  is  just  above  the 
ace  of  the  liquid.     That  is,  we  determine  the  temperature  of  the 
raping  vapor. 

Polariscopic   Examination. — This    method   of  examination   of 
m^mc  bodies  is  apjilicabic  lo  certain  substances  only,  and  is  of  ira- 
incc  when  available.    The  method  of  examination  has  been  de- 
on  page  36. 


Spectroscopic    Examination, — This    inetliod    is    ap 
many  colored  substances,  which  give  characteristic  abfiorpti 

(See  p.  29  and  Frontispiece.) 

Qualitative  Examination  of  Organic  Bodies.— Off 

may  usually  be  distinguished  froni  inorganic  by  their  bel 
healed*  Organic  bodies  are  either  completely  volatilixed  1? 
ately  heated,  or  are  decomposal  into  certain  volatile  prodi 
a  black  char  behind  ihem.  When  strongly  heated  in  the  a 
fire  and  burn.  Those  which  distil  unchanged,  deposit  c 
their  vapor  is  conducted  through  a  red-hot  tube.  The  cl 
found  in  organic  compt>unds  are  carbon ^  oxygen,  hydrcg 
suiphur,  phosphorus^  and  occasionally  the  hahgcpts  or  the  ? 
Carbon,— The  best  prmi!  of  the  presence  of  carbo 
gallic  substance  is  given  by  burning  it  in  an  atmosphen 
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or  by  heating  it  dry  with  CuO  and  collecting  the  CO3  ei 
presence  of  CO^  may  be  shown  by  passing  the  gas  from 
lion  ihrough  a  solution  of  hme- water.     (See  p.  195.) 

The  quantitative  estimation  of  carbon  is  conducted  od  the  i 
hut  the  CtJj  k  Eibftorhcd  by  a  sfilutlan  of  |:»otassium  hydroxide  conuic 
iind  weighed  btfore  and  after  the  experiment.  The  diffcreTJce  in  thft 
the  weight  of  CO3,  fpjm  which  the  carbon  rmiy  be  calculated.  Tl 
conducted  in  a  spcciaily  constructed  furnace.  The  stit>stanc^  to 
mixed  with  oxide  of  copper  in  a  hardi§lass  tube,  which  is  then  heatec 
shown  in  figure  63  by  a  row  of  gas-burners* 

The  water)'  vapor  and  CO,  are  passed  through  a  previously  wet 
taining  dry  CaClj,  which  absorfc  all  the  water.  The  COj  pa^^scs  on  i 
by  the  solution  of  potassium  hydro^dde  contained  in  the  aeries  of  b 
tube,  seen  at  the  right  of  the  furnace.  When  the  combustion  is  c 
drawn  thrc^ugh  tht?  apparatus^  by  the  aspirator  bottle  shown  at  the  r 
nace.  The  air  is  first  freed  from  m*iisture  and  COj,  bv  pjwsinj^  thi 
of  jars  sho^Ti  at  the  left  of  the  furtmce-     The  increase  in  weight  of  th 
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1^  the  dCI,  and  ihat  conlalniog  the  KOH,  g?vcs  the  llaO  and  CO,  rtspettivclx, 
Erofti  whkh  the  bydrogen  and  carbon  producing  ihcm  may  be  calculated^  The 
iitygeii  in  ufgamc  corppounds  b  always  dctermincti  by  the  cli0erencc  between  the 
51101  (^  the  other  clement^  /uund  and  the  weight  Uikcn. 

nitrogen  may  be  tested  for  by  burning  the  substance  in  ihc  air, 
K^imK  if  oitrogen  be  present  in  more  than  traces,  it  wiE  give  off  an 
ocfeir  like  that  of  burning  feathers  or  horn.  Some  organic  substances 
omening  nitrogen,  on  being  heated,  explode.  Another  m<;tho<l  of 
I^Eig  for  nitrogen  is  to  heat  the  substance  with  sodiimi  hydroxide 
aid  Brae  In  powder,  or  soda- lime,  when  ammonia  is  evolved.  Thh 
may  be  detectefl  by  its  odor,  its  reaction  witli  moisteneti  litmus  paper, 
orfyming  HCL  Or,  the  substance  may  be  heatetl  witli  strong  lijSO^, 
wbeQ  the  nitrogen  is  convert^  to  amraomum  sulphate. 

Sii]|iliiir  may  be  delected  in  many  oises  by  heating  the  substance 
with  a  strong  solution  of  potassium  hydroxide  and  adding  a  solution 
ol  a  lead  salt,  which  is  turned  bkck  if  sulphur  be  present. 
Amilier  method  of  testing  for  sulphur:  Solids  are  fused  with  two 
paits  of  potissium  hydroxide  and  one  of  potassium  nitrate.  After 
CDoiijigf  the  mass  is  dissolved  in  water ^  HCl  added,  and  sulphates 
tested  for  with  BaCl,.  Liquids  are  treated  with  fuming  HNO^,  or  a 
ixtujie  of  UNO,  and  KCIO3,  with  a  gentle  applicadon  of  heat.  The 
lution  may  then  be  tested  for  sulphates  as  abi>ve»  (Set  p.  146.) 
The  halogens  may  he  detected  b>'  heating  the  substance  with 
lime,  afterward  dissolving  in  water,  acidifying  witli  HNO3,  and  add- 
ing a  solution  of  Ag(NOJ.  The  halogens  are  precipitated  either 
as  AgCl  AgBr,  or  AgL 

l^osplionis  m:ky  be  detected  by  fusing  the  substance  with  KNO| 
and  KOil,  dissolving  in  water,  and  testing  for  phosphoric  add. 

TIk  ft;$iifls  of  a  quantitative  anaJyds  arc  e^tpressed  in  percentages,  cither  by 
fVihme  or  bf  ^^^e^ght*  The  abovtr  method  of  estimating  the  elemental  c onslittjents 
of  a  anDprnind  Is  called  tittimate  mhaIjsii,  to  disdn^isb  it  from  prosdmate  an&l- 
yiiit  wrllkil  tetm  k  applied  to  the  prt>C€S»  of  separating  the  constitucnu;  of  a  mix* 
tatr  of  Aibsiances,  or  an  atomic  group  in  a  complex  compound.  For  eJcampk, 
whea  ^im  sepoimie  the  foods  into  their  prDteids,  fats,  carbohydrates,  and  ash,  we 
call  it  pgnifmate  ftoalysisH  Sometimes  the  term  b  e^ttended  to  such  processes  as  the 
oiimaiiQn  t4  the  anipiuit  of  salicylic  acid  in  methyl  sallcylate- 
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THE  DETERMIWATIOW  OF  THE  MOLECtlLAR  WEIGHT  OF 
ORGANIC  COMPOtmpa 

Physical  Methods*— Vapor  Density,— By  vapor  density  is 
meint  the  density  of  the  v;tp*>r  of  a  voLitile  substance  when  compared 
witli  hydrogen,  (See  p.  3.)  The  vapor  density  of  volatile  organic 
Qonipotinds  affords  an  easy  and  certain  means  of  determining  their 
molacubir  weights.     On  page  76  we  have  seen  that  the  iDoleoilar  weight 


of  any  body  is  twice  its  density  in  the  gaseous  state,  or  the  density  of 
a  gas  or  vapor  is  half  its  molecular  weight.  The  easiest  method  of 
determining  the  vapor  density  of  a  substance  is  that  known  as  Vict 
Meyer's, 

The  apparatus  (represented  by  Fig,  63)  consists  of  an  outer  tube  of  gkss  (a)> 
the  bulb  of  which  cantains  water  or  other  fluid  which  haa  a  coiistant  and  kfiown 

boiling  point.  The  inner  tube  (b)  contaixis 
air,  is  stoppered  al  the  upper  end,  and  is  pro- 
vided with  a  delivery  tube  (4)  to  allow  the 
t-scape  of  the  air,  as  it  is  healed  by  the  vapor 
of  the  boiling  fluid  in  the  outer  tube. 

The  open  end  of  this  tube  is  placed  in  a 
cup,  under  water,  while  ihe  water  is  being 
boiled.  As  soon  as  the  air  ceases  10  csiapc 
from  the  delivery  tube  (rf),  the  cork  {e)  is  n> 
moved  from  the  top  of  the  inner  lube  ih)t 
and  a  simai)  vial  containing  a  weighed 
amount  of  the  liquid  to  be  examined  is 
dropped  in,  and  the  cork  quit  kly  inserted. 
The  heat  lx>il$  the  Houid*  forces  out  the  stop- 
per in  the  vial,  and  the  vapor  ihiis  produi  ed 
drives  out  an  equal  volunie  of  air  through  the 
delivery  tube. 

This  air  h  collected  m  the  graduated 
tube  (/),  [trcviuusly  pbced  over  the  open  end 
of  the  delivery  lul>e^  ^nd  carefully  measured. 

The  volume  of  air  obtained  represents 
tht'  volume  of  the  vajior  at  the  tempcrmturc 
of  boiling  water  or  other  liquid  used  in  the 
outer  tube.  The  true  volume  under  standard 
conditions  is  now  to  be  calculated  b>  the 
formula  given  on  page  12.  Practically ^  ibis 
correction  is  usually  made  by  reference  to 
tables  prepared  for  the  purpose. 

The  volume  of  the  vapor  of  a  liquid  of 
known  weight  having  been  delerminc<t*  we 
may  ea&ily  calculate  the  density. 

For  example,  suppc^e  0.1  gm.  of  alnihol 
he  taken,  and  we  obtain  48*5  c,c.  of  aJr,  aftrr 
making  the  necessary  corrections.  NoWj. 
0*1  gni.  of  hydrogen  measures  1116  ex- 
o*  C.  and  760  mm.  pressurev     We  now  t 

pare  these  volumes,  and  we  have  —^ —  =  2%, 

or  the  hydrogen  occupies  33  times  the  Yolume 
of  an  equal  weight  of  alcohol  vapor.  Ort 
one  liter  of  hydrogen  under  standard  cdii- 
One  €.c.  of  hydrogen  then  weighs  cooooSog 
gm.:  48,5  c.c.  of  hydrogen  will  weigh  0.00436  gm.  By  dividing  the  weight  of  the 
alcohol  taken  (o.i  gm.)  by  the  weight  of  48.5  c,c.  of  hydrtjgen  we  obtain  23  aa  the 
density  of  the  alcohol  va{ior.  As  the  density  of  the  alcohol  va|>or  is  2j«  tta 
molecular  weight  must  be  46  (p.  76). 
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didons  weighs  o.oSc)q  gtn.  (p.  102), 
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Detenninatioii  of  Molecular  Weight  by  the  Freeziag  Point 
of  Solutions. — The  eiTect  of  dsssohed  sy balances  m  lowering  the 
freezing  j>omt  of  the  solvent  was  first  discovered  hy  Bkgclen  in  17S8, 
who  stated  thai  the  depression  of  ihe  freezing  point  of  aqueous  solu- 
tion^  is  prtiportional  to  ihe  strength  of  the  &olutii>n.  Raoult  has 
devdoped  this  law  into  the  following:  Sahiiimis  c&niaining,  in  equal 
V0ktnus  aj  a  sohint,  qodmiiies  0}  dissolved  mbsiames  frofmrlmmii  to 
$keir  nwitcuiaf  weight x  haz'C  ihe  same  jreezing  pmnL  The  relation 
between  the  solid  in  a  ^lution  and  its  solidifying  point  furnishes  a 
means  of  determining  the  molecular  weight  of  soluble  non- volatile 
*»-ubstance3^  This  method  consists  in  determining  the  amount  of  the 
lowering  of  the  freezing  p<jint  of  a  solvent,  due  to  the  substance  dis* 
solved  in  it.  The  method  is  based  upon  the  following  principles,  well 
established  by  eiqjeriment  (compare  p.  66)  : 

1.  The  lowering  of  the  freezing  f>oint  of  a  solution  of  a  solid 
in  a  liquid  with  which  it  forms  no  chemical  union,  is  proportional 
to  the  sum  her  of  molecules  of  the  solid  in  a  given  Yoltune 
of  Ihe  solution. 

2.  That  is,  the  same  number  of  molecules  always  have  the  same 
depressing  effect  upon  the  freezing  piint  of  a  solvent,  regardless  of 
tbe  nature  of  the  i^ubstance  in  sot u Lion. 

3.  One  molecule  of  any  non- volatile  substance,  dissolved  in  100 
QK^ecules  of  a  liquid,  has  been  found  to  depress  the  freezing  point  by 
nearly  a  constant  amount^  which  is  0.62^  C. 

4^  A  gram-molecule  of  any  substance  dissolved  in  100  grams  of 
a  solvent  lowers  the  freezing  point  of  the  solvent  by  a  constant  amount, 
pnnided  there  is  no  aggregation  or  dissociation  of  the  molecules.  For 
wilier  this  constant  i.^  a])jjroximatcly  iS.S^  C;  for  benzene,  49*^  C,j 
foB-  phenol,  75*^  C;    for  acetic  acid,  38,8°  C*;   and  for  formic  acid, 

As  it  is  rarely  iK>ssible  to  dissolve  a  gram-molecule  of  a  substance 
in  too  gm.  of  the  solvent,  we  are  obliged  to  work  wilh  weaker  solutions. 
The  depression  of  the  freezing  point  in  such  cases  will  be  less  than, 
the  above  constants.  For  a  stf^lutiim  containing  one-tenth  of  the  gram- 
molecule  in  100  c,c.  of  the  solvent,  the  lowering  of  the  fri*ezing  point 
will  Ije  one-tenth  of  the  constant.  The  gram -molecule  of  any  substance 
in  aqueous  solution,  then,  or  Wa  moletuhir  weight,  maybe  found  by  the 
following  f*rof>ortiun:  The  observed  lowering  of  temperature,  a  : 
18.8  1 1  the  weight  of  the  substance,  in  grams,  in  100  zx,  of  the 
solution  :  the  molecular  weight. 


•^^lutiim  ijf  glucust:  conuimtig  10  gm.  to  lOO  gm*  of  water  ^ 

'f  400  r  I    <;ip;irity,  antl  provided  with  ii  ihtte4loied  cork — 

wilder  itnd  tmv  for  the  ^timng  rod.     Ii  was  cooled  to  — 12''  C, 
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crystal  of  ice  from  a  similar  solution  was  dropped  in,  through  the  third  hole  in  the 
cork,  to  make  it  freeze.  The  thermometer  rose  to  — 1.04°  C.  The  depression  due 
to  I  gm.  was  then  one-tenth  of  this,  or  0.104°  t*     Hence,  we  have: 

0.104:  18.8::  i:  Mol.  Wt.  =  180.7. 
Or,  M  «  S^^A    =  180.7. 

A  =  0.104 

the  molecular  weight  of  glucose.  Analysis  gives  us  the  empirical  formula,  CH,0  — 
30.  By  multiplying  this  number  by  6,  the  result  is  180,  which  is  near  enough  to  deter- 
mine that  as  its  formula,  instead  of  any  other  multiple  of  30.  The  slight  difference 
here  is  within  the  limits  of  experimental  error. 

To  deduce  the  formula  from  analysis.  Rule:  Divide  the 
percentage  of  each  element  by  its  atomic  weight,  and  express  the  ratio 
of  these  quotients  in  their  lowest  terms. 

Examples. 
The  analysis  of  alcohol  gave: 

C  =  52.16. 
O  =  34.80. 
H  =  13.04. 

52.16  -7-  12  =«     4.34  atoms  of  carbon. 
34.80  -^  16  =3    2.17  atoms  of  oxygen. 
13.04  -^     I  ■=  13.04  atoms  of  hydrogen. 
Ratios:  €,4.34;  0,2.17;  11,13.07. 

Lowest  terms:  C,  2;       O,  i :       H,    6. 

As  per  cent,  is  parts  in  one  hundred,  we  may  calculate  the  amount  of  carbon  in 
each  molecule  by  the  following  proportion:   100  :  46  :  :  52.16  :  23.99;  or  in  46  parts 
of  alcohol  there  are  approximately  24  parts  of  carbon. 
For  oxygen  we  have  100  :  46  :  :  34.80  :  x  =  16.008. 

For  hydrogen  we  have  100  :  46  :  :  13.04  :  x  =  5-998.  The  atomic  weight  of 
carbon  is  known  to  be  12,  or  each  molecule  of  alcohol  contains  2  atoms  of  carbon. 
As  the  atomic  weight  of  oxygen  is  16,  each  molecule  contains  i  atom  of  oxygen. 
As  the  atomic  weight  of  hydrogen  is  i,  each  molecule  contains  6  atoms  of  hydrogen. 
The  molecular  formula  of  alcohol  is  CjHgO,  making  the  molecular  weight  46. 
The  vapor  density  of  alcohol  we  found  above  to  be  23;  its  molecular  weight,  there- 
fore, is  46. 

The  ultimate  analysis  of  a  bromine  derivative  of  a  hydrocarbon  gave  the  follow- 
ing results: 

C  =45.86,  H  =  3.18,  Br.  =  50.96  per  cent 
45.86  -J-  12  =  3.82 
3.18 -^,  I         =3.18 
50.96  -^  80         =  0.637 


3.82  -^    0.637  =         6) 
J  3.18  -    0.637  =         s\  ^  C,H,Br. 

^  0.637   -r-      0.637    ^  I  J 


Determination  of  the  Constitution  of  Organic  Compounds.— 

This  is  possible  only  when  we  know  the  behavior  of  the  compound 
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^J 


with  reagents.    This  may  be  tllustnUed  as  follows:   ^VTien  we  treat 
an  etlien^  iolutioD  of  CH^I  with  sotlium,  we  set  free  the  metliyL 


H^  —  +  NaL 


It  is  seen  that  this  CH,  must  have  one  free  bond  of  attraction. 

The  vafx>r  density  of  this  gas  is  15.     The  molecular  weight,  there- 
fore, is  30,  or  corr^ponds  to  CjH^;  L  *,,  the  two  CH^  radicals  unite 

hv  thdr  free  bonds,  and  we  have  | 

By  treating  this  Cjti^  with  chlorine,  we  form  Hj=C— C^^*,     This^ 
tinted  with  KOH,  gives  QH4OH,  or  e  thyl-akohoK    H^C-C^^^  + 

K--0-H  =  H^C-C^^^  +  KCL    As  OH  has  taken  the  place  of 

Q  In  C^H^CI^  we  conclude  that  the  OH  has  gone  in  as  hydroxyl. 
The  hydrogen  of  this  OH  can  be  replaced  mith  sodium  or  potassium, 
but  none  of  the  otheri^  in  the  molecule  can  be.  This  atom,  therefore^ 
has  a  different  position  in  the  molecule  from  the  others.  The  relation 
of  the  carbon  atoms  is  not  destroyed  by  the  above  reaction,  and  there- 

fore  we  arrive  at  the  conclusion  that  the  formula  is   L*,         Again, 

W€  have  the  reactions: 

C,H,OH  +  HCI  -  CjHjCl  4-  H^O; 

L  €^  vrt  have  the  CjHj  and  OH  groups  in  alcohol  And  again,  if 
we  treat  CjHgCl  with  nascent  hydrogen,  we  obtain  CjH^  and  HCL 

QH,  we  have  seen  above  to  be  di-metliyl,  or  | 

C=H» 

In  methyl -ether,  which  is  isomeric  with  alcohol^  no  one  of  the 

bydfogien  atoms  can  be  repbced  Vkith  sodium  or  potassium.     When 

we  remove  the  oxygen  atom  with  Hit  the  connection  of  the  carbon 

Is  broken,  with  the  formation  of  copipounds  having  one  carbon 

only.    Thus: 

H^C— O— CHH,  +  HI  *  H^C— O-H  +  CH^ 


TUs  shows  that  the  oxygen  atom  in  methyl-ether  acts  as  a  link  be- 
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tween  the  two  carbon  atoms,  as  its  removal  breaks  the  molecule  apart; 
also  that  the  hydrogen  atoms  are  all  alike  in  the  molecule.  Hence, 
the  formula  should  be  represented  as  follows:  H3C-O-CH,. 

The  formula  of  alcohol  would  be  represented  as  foUows:    CH,- 
CHjOH.    In  the  same  way  we  determine  that  the  rational  formula 
O 
II 
of  acetic  acid  is  H3C-C-OH. 

It  is  the  aim  of  chemists  to  determine,  by  such  reactions,  the 
rational  formulae  of  all  organic  bodies.  This  has  been  done  for  most 
organic  substances.  When  we  know  the  structure  of  the  molecule 
of  the  substance,  we  are  able  in  many  cases  to  construct  it  syn- 
thetically. Thus,  if  we  compare  the  following  formulae,  we  see  a 
close  resemblance: 

H    H  H 

/^\  //^\ 

HC  CH  ^9        ^^ 

\_C^O-H  HC        C-O-H 

H  ^C^C=0 

Phenol.  \ 

O— H 
SalicyHc  Add. 

If  we  treat  the  first  of  these  substances  with  sodium  hydroxide, 
H    H 

we  obtain    HC  CH  .      If  we  treat  this  at  a  high  temperature  with 

\         // 
C  —  CONa 
H 

CO2,  this  gas  enters  the  molecule,  CO  going  in  with  NaO  group  to 
give  CeHsCOONa.  The  other  O  goes  to  the  neighboring  carbon  atom 
and  gives  OH.    Thus,  salicylic  acid  is  prepared  from  phenol. 

The  constitution  of  compounds  is  usually  indicate!  by  graphic  or 
structural  formulae.  The  bonds  or  links  between  atoms  are  indicated 
by  lines  or  dots,  thus:  H-C^C-H  or  H  .  C  i  C  .  H,  HjC=C=CH„ 
or  HjC  :  C  :  CH2.  It  must  not  be  supposed  that  graphic  formulae  are 
intended  to  indicate  the  shape  of  molecules;  they  only  indicate  the 
relation  of  atoms  or  groups  of  atoms  to  one  another  in  the  molecule. 
The  lines  or  dots  show  to  the  eye  how  the  valencies  are  distributed. 
Full  graphic  formuLx  are  not  always  necessary  to  show  the  distribution 
of  the  bonds. 
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The  simplest  organic  compounds  are  the  hydrocarbons,  consisting 
of  carbon  and  hvdrogen  onlv.     Carbon,  being  a  tetrad,  can  combine 

H 

with  four  atoms  of  hvdrogen,  thus:  h— C— H.     It  also  shows  a  marked 

I 
H 

tendenc)'  to  unite  with  other  carbon  atoms  to  form  groups  of  carbon 

atoms  more  or  less  characteristic  and  stable. 

One  atom  of  carbon  may  thus  unite  with  another  carbon  atom,  and 

the  two  atoms  thus  united  will  combine  with  six  monad  or  hydrogen 

atoms:    H^k: — C— H.      Three,  four,  five,  or  any  number  (n)  atoms  of 

carbon  may  thus  unite,  theoretically  at  least,  and  give  rise  to  a  chain 
of  atoms  which  has  been  called  an  open  chain.     Or  the  carbon  atoms 

II  I 

mav  combine  as  follows:        |  ]        or        |  ,    giving  rise 

-_C         .C-  -C^       C- 

II  I 

to  closed  chains,  or  cycles. 

By  a  little  consideration,  it  will  be  seen  that,  in  either  of  the  first 
two  formula?  given  above,  if  we  increase  the  carbon  atoms  in  any  given 
formula,  we  also  increase  the  number  of  bonds,  or  points  of  contact 
for  hydrogen  atoms,  by  two  for  every  carbon  atom  added.    Thus: 

H  H  H 

H— C— H  +  CH,  ^  U—C—t—H; 

I  II 

H  H  H 

H  H  H  H  H 

H— C— C— H  4-  CH,  =    H— C— C— C— H; 

II  III 

H  H  H  H  H 

H  H  H  II  H  H  n 

III  I   I   I   I 

H— C— C— C— H  -f  CH,  =  H— C— C— C— C— H; 

III  I   I   I   I 

H  H  H  H  H  H  H 

HHHH  HHHHH 

I   I   L   I  I   I    I   I   I 

H— C— C— C— C— H  -I-  CH,  =  H— C— C— C— C— C— H; 

till  I   I   I   I   I 

HHHH  HHHHH 


and  so  on. 
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We  thus  have  a  series  of  hydrocarbons  differing  from  each  other 
the  constant  quantity  of  CHt.    Such  a  series  is  called  a  homologous  | 
"^riesT 

iri~  the  same  chain  of  carbon  atoms  we  may  have  the  following 
arrangement  of  the  bonds  of  attraction : 

H  H  H    H      H    H 

H— C— C  =  C  +  CHa    =    n—6—6  =  t—c!:— H; 


sjr 


I        I 
H    H      H 


I 
H 


I 
H 


HHHH  HHHHH 

H— c— c  =  d:— (!:— H  -f  ch,  =  h— <!:—(!:  =  i— c!:_<!:_h. 


I 

H 


I 
H 


I 
H 


I       I 
H    H 


A  hydrocarbon  having  four  carbon  atoms  in  its  molecule  may  be 
written  thus: 

H  H 

h6— C=C— in    =    C.H. 
H  H 


or. 


H  H 

H—i— C=C=C 


I 
H 


I 
H 


—    C^H^ 


H— C=C— C=C- 

I       I 
H    H 


H    r=    C^H^. 


By  these  varied  groupings  it  is  possible  to  have  a  number  of  homolo- 
gous series,  each  series  differing  from  the  other  by  a  constant  quantity 
of  Hj.  By  removing  one  atom  of  hydrogen  from  the  end  carbon  atom 
of  such  a  chain,  and  replacing  it  with  CHj  (methyl)  we  form  a  homol- 
ogous series,  each  member  differing  from  the  corresponding  member 
of  the  series  above  mentioned  by  the  constant  quantity  of  H,.  Aj 
series  of  hydrocarbons  differing  bv  H,  are  known  as  an  isologoiis 
^eries.  in  the  vertical  columns  of  the  following  table  we  have  the 
homologous  series;  in  reading  from  left  to  right  we  have  the 
isologous  series  of  hydrocarbons. 


C,H, 
C^Hjo 
C,H„ 
C,H„ 
C,H,. 


CH,* 
C,H, 
C,H, 
C.H, 
CjH,o 
C,H„ 
C,H„ 


C* 

C.H, 
C.H. 
C.H, 
C,H,j 
C,H„ 


C,H, 
C.H. 


*  Unknown. 
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In  the  gmeml  fonnulie  (n)  may  represent  any  number  of  carbon 
atoms,  and  is  intended  simply  to  eicpress  the  relation  between  the 
ntimBer  of  C  and  H  atoms. 

This  table  does  not  by  any  means  represent  aU  the  possible  com- 
poundsr  but  ^ves  an  idea  of  how  all  known  hydrocarbons  may  be 
das^fied^  by  extending  the  table. 

The  members  of  theiic  series  having  but  a  few  carbon  atoms  in  their 
molecules  are  termed  the  lower  members,  and  those  having  a  higher 
number  of  carbon  atoms  the  higher  members. 

Isomerism. — Besides  the  method  of  grouping  the  carbon  nuclei 
whjch  we  have  indicated,  a  variety  of  other  methods  may  be  conceived, 
some  of  which  really  e?Eist,  Thus,  the  group  containing  four  carbon 
atoms  may  be  arranged  as  follows: 


H    H    H    H 

k  k  k  n 

H    H    H 

H— (i— c5— d'-H, 

H     I     H 
H— C— H 

I 
H 


H    H       H    H 

n—t-6  =  6—6—iL, 

H       H 
H~^ — -6—H 

H— C C— H 


H 


I 
H 


first  and  third  of  these  have  the  same  numb^  of  atoms 
same  empirical   formula,   C|Hj^„   but  have  different  physi- 
chemical  properties.     Compounds  havjng  the  same  chemical  ^ 
tioUj  but  possessing  diHerent  properti^  are  termed  isomeric 


The  chemical  and  physTciil  properties  of  organfc  Lorn[M»unds 
Jepend'not  only  ujx>n  the  kind  and  number  of  atoms,  which  is  desig- 
nated  the  composition  of  the  molecule,  but  also  ujxtn  the  arrange- 
ment of  the  atoms  in  the  molecule,  or  the  constitution,*  The  second 
and  fourth  of  the  above  formulae  are  quite  different  in  c^nstiiulion^ 
while  they  are  the  same  in  composiimi.  These  tKO  compounds  are 
isomeric.  It  is  thus  possible  to  have  several  compounds^  each  an* 
swoing  to  the  same  formula,  and  giving  the  same  result  on  analysis^ 
but  ha\Tiig  totally  different  properties.    We  may  mention  here»  as  cx- 

ampleSf  ammonium  isocyanate,  NH^OCN,  and  urea,  CO  ]  i*^     Akoi 


nv>p]fluiitiii 


CH, 


I 


H 


MelElJr]^^lllTbmiIt. 


fCH, 

N^  CH, 

THnKthfUiiniii- 


i^ 


♦  See  definitkin  oremplnca]  and  struct ural  formula,  page  So. 
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Bodies  of  the  same  class  having  the  same  compositioa,  but  differeot 
constitution  and  physical  or  chemiail  properties,  are  said  to  be  iso- 
meric bodies,* 

In  those  members  of  the  above  series  of  hydrocarbons  having  four 
or  more  carbon  atoms,  we  may  have  several  isomers.  Thus,  there  are 
tTftO  possible  butanes,  knowTx  as  butane  and  iso-butane,  or  methyl- 
propane. 


H  H    H    H 

H    H    H    H 


y 
1/ 


H    H    H 

(        L      < 

H     [     H 
H— C— H 

H 

M«rt]iyl-pn<>[iaae  or 
[so-buidixie. 

The  number  of  possible  isomers  increases  rapidly  with  the  number 
of  carbon  atoms  in  the  molecule.  There  are  two  isomers  for  C^H^,,; 
for  CjH^,  three  isomers;  for  CsH„,  five;  for  Cj(,H^,  seventy-five;  and 
for  CiiHj^  it  has  been  computed  that  we  may  have  no  less  than  159 
isomers.  This  fact  explains  why  we  can  have  an  indefinite  number  of 
compounds  classified  in  the  above  talkie.  This  same  law  of  isomerism  j 
appHes  to  the  other  homologous  series  as  well  as  to  Ihe  firsL 

Polymeric  bodies  are  cora|x>unds  having  the  same  percentage 
compoiilionj  but  di Here nt  molecular  weights.     As  the  name  indicates,. 
the  one  is  a  multiple  of  the  othen     It  is  usually  applied  only  toj 
substances  of  the  same  class  of  compounds.     We   have  a   striking 
example  of  this  properly  in  the  second  column  of  the  table  on  page 
296,     Ethene,  C^H^,  butene,  C^Hg,  and  octene,  C^H,^»  are  polymeric 
bodies.     Starch,  cellulose,  dextrin,  and  glycogen  are  probably  poly- 
menc    bodies,    and    familiar    illustrations    of    the    phenomenon    olj 
polyrae  ri  sm  >        > 
'  i) /     Nomenclature  of  Organic   Compounds, — The  nomenclature  of 
\^    organic   compounds   is   complicated   ami    unsatisfactoi^\    The   large 
number  of  compounds,  and  their  endless  derivatives  to  be  considerwij 
make  it  next  to  impossible  to  devise  a  system  of  naming  them  that 
shall  meet  with  general  approvaL     The  result  of  the  rapid  advance  in 
the  discovery  of  organic  compounds  has  been  to  produce  confusion 
in  this  respect. 

Certain  compounds  have  received   different  names  from  different 
observ^ers,  and  it    is  no  unusual    thing  to    meet  with  four  or  five 


*  Metamerism  is  5ometimt:s  us^d  as  synonymous  widi  isomerism. 
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syaonynMrns  names  for  iJie  sacne  oompound.    We  shall  end^vor  to 
follow  the  best  usage  in  the  nainiiig  of  diemical  ccmpounds. 

Organic    Radicals. — In    of]g;aiuc    cbeinistn%    as    id    inor^nlc 
although  to  a  greater  extent,  we  are  constantly  dealing  with  ce 
wdt-ddloed  groups  of  atoms,  whidi  retain  their  identity  thmtigh  a 
laiige  soies  of  compouDds,  and  tidiave  In  chemical  reactions  like 
simple  radicab  or  atoms. 

It  is  evident  that  by  removing  one  or  more  atoms  of  hydrogea 
&t>m  any  ^titrated  hydiocaitNm,  die  lemaimng  group  of  atoms  may 
act  as  a  compound  radical.  The  uBsaturated  hydrocarbons  of  the 
second  or  third  series  may  act  as  radicals  without  the  removal  of  any 
bviijogen  atoms. 

These  hydrocarbon  radicals  are  usually  designated  by  the  termina- 
tion jl*  Thus:  CE^  is  kno^^-n  as  methyl;  C^^.  as  ethyi;  CgHj^  as 
phenyL  These  radicals  are  called,  collectively,  bydrocarboo,  alcohol^ 
or  alkjl  radicals,  and  the  quality  of  their  combining  power  Is 
eleclrOfXJsitive. 

The  following  radicals  are  frequently  met  with  in  orgam'c  con 
pounds,  and  ought  to  be  committed  to  memory  by  the  student: 


1^-,    -^.Carbocvl(0=C=>,  .._ , 

*C  .  /Oirboii'HO^C^'OH).  ..,>..,.,. 

I  Cy»iK,gtB(N^C-),.„„ ** 

I  Nitn»yt(0=N— X._- .-.        ** 

^^^    HitTOvl^O=N—X  __,,._...„       •* 

^^^B  Sulphonyi  (O^SOH)*»  - ,  -  - , 

^^^V   Amidogtn  (Hj^N—y, .._. 

^V         Mcthvl  (H^C— )* 

^m  GJyccrrlCC^J^, 

^B  Aioyl("C^,,)^...,. " 

^^^  Phenyl  (C^HJV.,     .,„..... 

^^K  Acetyl  (HjpC-C^O).  „.....„. 


ocnuTin^  in  &lcobob  and  phetiola. 
"  ketones. 
"  or^nic  acids. 
"  cyanides. 
*'  nitro-compotifids. 
**  nitio&Yl  taiapcMUuii. 
"  sul phonic  aads* 
**  amids  and  anuns. 
"  wood^alcobdt. 
**  atoho!. 
"  gJyceroL 
"  hke}  oil 
"  cafbolic  add. 
'*  acetic  acid- 
**  bcn^c  acid' 

CLASSIFICATION    OF  ORGAXIC  COMPOUHDS. 


All  organic  bodies  can  be  cla^^ified  in  one  or  tilher  of  the  following 
pjoups:  Hydrocarbons,  alcohols,  ethers,  aldehydes,  acids, 
acetkis,  ketones^  halogen  compounds,  etheiiea]  salts,  amins^ 
amids,  nitrils,  cyanogen  compounds,  quinons,  organo*  me- 
tallic compounds,  carbohydrates,  proteins,  alkaloids,  glucosides^ 
and  phenols. 

It  Is  customary"  to  arrange  the  large  number  of  organic  com pou nils 
in  two  mam  divisions*  These  di visions  are  known  a.s  the  fdtty  or 
aliphatic  compounds,  and  the  aromatic  compounds*    The  lirst 
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class  ow^  its  name  to  the  fact  that  ihc  animal  and  vegetable  fats  belong 
to  it,  and  ihe  second  includes  many  compounds  characleriEed  by  an 
agreeable  aromatic  odor.  The  fatly  compounds  ain  all  be  regarded 
as  closely  related  to  methane,  CH^^  and  tlie  aromatic  as  rebted  to  or 
derived  from  benzene,  QHo-  The  carbon  atoms  in  the  first  class  arc 
arranged  in  an  open  chain  and  in  the  second  class  in  a  closed  chain. 

The  first  and  simplest  class  of  organic  compounds  we  shall  meet 
are  the  hydrocarbons. 

Nomenclature. — The  following  are  the  names  proposed  for  these 
hydrocarbons: 


ist  Sfriej. 

id  Seriei. 

SdSewiei. 

ftkStriei. 

SihSenes. 

PARAFFINS. 

OLEFINS. 

ACETVLENES. 

CfcHj„+, 

C.H-» 

C„tL,«_ 

CU^,^ 

CJI,^^ 

Mrtbanfi, 

Metbcac  (uiOuiPwo).         Carbcui, 

CH,. 

CH,. 

C, 

Ethane^ 

Ethcnc. 

Elhjuc  (Acetrkne), 

cji,. 

C^,. 

PropijieXvBylen*), 

m 

^sr- 

PropcDtt 

Ih^OpOD^ 

■ 

C,H., 

c,n,. 

CA- 

■ 

QaoJtufh^,  or 

Bulane, 

BUIHI*. 

Butine, 

DUUDC. 

Biitujicj 

C^Hjo. 

QH,. 

C,H.. 

C,H«. 

C*H^ 

PcaUM, 

V^AXtm, 

Pffliinfft 

Penlone, 

Bmtiuw, 

c,n,,. 

CjHifl* 

c^,. 

C.H.. 

QH„ 

HcrJCane^ 

Hraeae, 

Hcjdne, 

Mevons, 

H«2UQ«> 

C.H„. 

C,H«, 

C.H„. 

C.H,. 

C,H,. 

Here,  as  above  stated,  there  js  not  perfect  uniformity  in  nomencla- 
ture, and  where  they  conflict  we  shall  folio w  the  best  usage,  in  prefer- 
ence to  strict  conformity  to  the  above. 

DERIVED  COMPOUNDS, 

All  organic  compounds  are  regarded  as  derivatives  of  the  hydro- 
carbons, whether  they  can  be  prepared  from  them  or  not.  Many 
compounds  can  be  made  from  them,  either  directly  or  indirectly,  while 
many  other  known  related  compounds  can  not  be  so  made*  There 
are  two  methtxis  of  forming  derivative  compounds,  viz.,  addition  and 
substitution. 

Addition  products  are  formed  by  the  direct  combination  of  an 
unsuturatefi  molecule  with  one  or  more  radicals.     One  molecule  of    J 
the  hydrocarbon  always  unites  with  two  or  four  monivalent  atoms    1 
or  radicals,  or  with   their  equivalent  in  polyvalent  radicals.      It  is_ 
especially  the  atoms  of  the  chlorine  group,  or  their  hvdradds^  which 
"Sre  most  easily  added;   out  hvdroiiai  and  hvdroxvL  as  well  as  hydro- 
carbon ratiicals,  may  also  he  adcled. 

StlbSlitutioo  products  are  formed  by  an  exchange  of  one  or  more 
atoms  for  another  atom  or  radical.    Indeed,  we  may  regard  alJ  the 
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complex  organic  txxiies  as  made  up  in  ihis  way*  Thus,  ethane,  CjH,, 
inay  be  rcganlcd  as  a  molecule  of  methane,  CH^,  in  which  one  hydrogen 
atom  has  been  displaced  by  the  radical  Cli^  l\ms: 


C;— H  +  CH^  =  C — H  +  H 
H 


'^i 


^  H 


Synthesis  of  Organle  Compounds* — The  principal  Interest  of 
chemists  in  recent  years,  in  the  department  of  organic  chemistry,  is 
centered  u|>on  the  synthesis  of  organic  comjxiunds.  By  these  s\ti- 
thetlcai  methods  the  chemist  inutales,  to  a  limited  extent,  the  process 
of  animal  and  vegetable  organisms.  The  natural  tendency  of  all  or- 
ganic compounds  is  to  break  up  complex  molecuJes  and  form  simpler 
ones,  while  it  is  the  aim  of  synthetical  methods  to  reverse  this  process 
and  build  up  complex  molecules  from  simpler  radicals,  adding  little 
by  Ltlie  until  the  structure  b  complete. 

It  is  principally  from  s>mtheticat  reactions  that  we  can  arrive  at  a 
knowledge  of  the  structure  of  complex  or^nic  bodies.  With  these 
^mtbetical  methods  chemists  have  succeed^  in  the  artificial  produc- 
tion of  alizann  (the  coloring  matter  of  madder),  indigo,  saltci^lic  acid, 
sevcnl  of  the  sugars,  and  the  great  variety  of  anilin  colors^  which  are 
among  the  greatest  achievements  of  modem  science. 

THE  ALIPHATIC  HYDROCARBOHS, 

The  Paraffins* — The  paraffins  (from  pa  rum,  ttK>  litde,  and  affinh^ 
affinity)  are  chemically  indifferent  bodies,  because  they  are  fully  satu- 
rated compounds.  They  are  stable  and  not  easily  attacked  by  re- 
gents. They  are  not  acted  upon  by  alkalies  or  acids.  Many  of 
these  hydrocarbons  are  found  in  petroleum  and  the  gases  accompany- 
ing it,  and  ^me  are  found  in  the  products  of  the  dry  distillation  of 
cool  and  other  organic  substances^  They  may  also  be  prepared  by 
one  of  the  following  reactions;   • 

t.  By  tTieating  an  ^yl  iodide  with  doc  in  a  dosed  lube  at  160^  C.  (320'  F.) 
in  preaciice  of  w^ter, 

CJH^I  +  HOH  +  Zn  -  C,H^  +  Zn  |  ^^ 

1.  Br  beatii^ certain  salts  of  the  acids  eonLaimng  one  or  more  carbon  atom^ 
miih  ma  Aikali.     Thust  by  healing  calcium  acc^ute  with  sodium  hydroixidA: : 

(QB^jCk  +  aNmOH  «  iCH^  +  Na,CO,  +  CaCOr 

J,  By  de^TOtysU  of  the  adds  of  the  acclic  acid  serie*!. 
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The  lower  paraffins  are  gaseous  and  are  msoluble  in  water*    Thosel 
below  butane  are  gases  at  ordinary  lemperatures,  ihose  between  C(Hj^ 
and  CtflH^  are  liquids,  and  the  higher  members  are  solids.     Alcohol , 
dissolves  the  gases  sparingly,  the  liquids  readily,  and  the  solids  with 
difficTjlty*    The    boiling   point,  the    melting    point,  and    the   specific 
gravity  increase  with  the  increase  of  carbon  atoms. 

Methane p  or  Marsh-gas,-— CH^,  This  gas  is  a  cnnstant  prrxluct 
of  the  s[>unlanenus  dccompoaition  of  vegetable  matter  under  waicr^ 
and  may  frequently  be^en  rising  to  the  surface  of  stagnant  pools. 
It  h  i>r<KJuced  by  the  dr>^  distillation  of  coal,  and  is  therefore  a  con- 
stituent of  ordinary  illuminating  gas.  It  is  the  chief  constituent  of 
miners*  *'firc<lamp,"  jt  occurs  ii^the  gases  of  the  intestines  to  the 
extent  nf  from  twenty-lrve  to  fifty  percent 

Natural  gas  is  com[x>sed  of  from  ninety  to  ninety-five  per  cent,  J 
of  marsh-gas,  with  small  quantities  of  nitrogen  and  carbon  dioxide.     } 

Preparation,— Methane  may  be  prepared  by  hrating  a  mixture 
of  4  jKtrts  i)f  sodium  acetate,  4  parts  of  sodium  hydroxide,  and  6 
parts  of  lime.  It  may  be  prepared  synthetically  by  the  following  re- 
actions: The  electric  arc  in  an  atmosphere  of  hydrt>gen  produces  a 
small  quantity  of  ethine.  Ethine  may  also  be  produced  by  the  re- 
action between  caldum  carbide  and  water.    (See  Calcium  Carbide.) 

CjCa  +  HjO  =  CA  +  CaO. 
Ethine,  when  mixed  with  hydrogen  and  passed  through  a  tube 
containing  sfxingy  platinum,  forms  ethane,  C^H^. 

Ethane  passed  through  a  heated  tube  gives  the  following  re- 
action : 

2CjH^  =  iCH,  +  C,  H-  aHj. 

When  a  series  of  electric  sparks  are  passed  throu^  a  mixture  ol 
hydrogen  and  carbon  monoxide,  CH^  is  prepared. 

CO  +  3H,  =  CH^  +  H,0. 

By  these  reactions  the  elements  are  made  to  yieM  CH^  and  QH^, 
which  can  serve  as  the  starting  point  in  the  synthesis  of  other  organic 

compounds,  and  thus  bridge  over  the  gap   between  inorganic  and 
organic  comiK>unds. 

Properties.— Methane  is  a  light,  colorless,  transparent,  odorles^J 
tasteless,    combustible   gas.    Density  =  8,    Sp.   gr.  —  0.559-    Underl 
140  atmospheres  of  pressure  at  0°  C.  (32*^  F-)*  it  condenses  to  a  trans- 
parent liquid.     It  burns  in  the  air  with  a  bluish  flame,  giving  no  lights 
but  a  high  temperature.    Mixed  with  air  or  oxygen,  it  forms  an  ex.^ 
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Elodve  mixture  ("fire-damp").  By  passing  the  gas  through  a  ici 
ot  tube  it  is  converted  into  carbon  and  hydrogen,  miih  trac. ■  4 
C,H^  CjH^,  C,H^  and  C,oHg.  Mixed  \nth  C\  and  diluted  ^ith  CO,,  it 
forms  chlorine  substitution  compounds,  CH,C1,  CH^Cl,,  CHCl^ 
and  CCI4. 

It  is  irrespirable,  but  not  poisonous.  Poisoning  by  house-gas  con- 
taining CH4  is  produced  by  the  other  gases  which  it  contains. 

Ethane,  or  dimethyl,  CH,— CH^  occurs  in  crude  petroleum, 
and  is  a  constituent  of  some  of  the  natural  gas  wells  of  western  Penn- 
sylvania. These  gas  wells  discharge  large  volumes  of  gas,  containing 
H,  CH4,  and  CjH^,  which  is  used  for  heating  and  lighting  in  the  neigh- 
boring districts.  When  crude  petroleum  is  heated,  the  hydnxarboas 
ethane,  propane,  and  butane  arc  evolved  as  gases.  The>e  are  criUcLied 
,and  subjected  to  condensation,  )'iekiing  a  liquid  consisting  chiefly  of 
'  butane,  Cfl^^  known  as  cymogene,  which  is  used  in  ice  machines. 

Properties. — Ethane  is  a  gas  at  ordinary  temfjeratures,  but  i.s  con- 
densed to  a  liquid  at  a  pressure  of  forty-six  atmospheres  at  4^  C.    It  . 
bums  with  a  faintly  luminous  flame.    It  is  slightly  soluble  in  water 
and  alcohol 

Propane,  C^H,,  is  present  in  crude  petroleum,  and  15  a  linuid  Ijelow  — 30^  C 
(—22®  F.).  It  may  be  prepared  artificially  by  the  action  of  nydrifjdic  acid,  HI, 
upon  glv<  erol  at  275**  C.  (527®  F.). 

Butane,  C^H,o.  bcMls  at  i®  C.  (33.8®  F.).  Its  sp.  gr.  is  0.6,  Ixjing  the  lightest 
liquirl  hydnxrarbon  known.     It  is  found  in  crude  jMrtroleum. 

There  arc  two  isomeric  butanes,  having  the  following  stni^  tunil  or  graphic  for- 
mula:: 

H    H    H    H  "    V    " 

H— C— i-C-c!:— H  and  H-C    C-C-H 

I       I       I       I  I       I       I 

H    H    H    H  H     '     H 

Bntane.  H-C-H 

I 
H 

I.v)  Irtitanc. 

Iso-buUne  boils  at  —  1 7*' C.  ( 1 .4**  F.). 

The  normal  pf|rw<H««  are  regularly  formccl  tomiK^unds,  in  whi<  h  no  (.  atom 
is  1  i nked  to  more  than  two  other  C  atoms. 

In  the  ifOfianiffini  one  carbon  atom  is  linkird  lo  three  others,  as  in  i.v>-butanc 
above. 

In  the  neopaxaffina  two  carbon  atoms  arc  each  linked  to  three  otV«  r  . 

H       H 

I         1 

H,C  —  C  —  C  —  CII, 

/         I 
CH,      CH, 

That  is,  in  the  iso-compounds  wc  have  one  side<hain;  in  the  neo-compounds  wc 
have  two  side-chains. 
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la  the  mesoparafflna  one  carbon  atom  is  tinked  to  lourotbcrs* 
H,C  —  C  —  CH, 

CH, 

The  higher  members  of  this  scnes  are  found  m  Pennsylvania  peticileumj  and 
may  be  isolated  to  a  great  extent  by  careful  fractional  disUlladon, 

PETROLEUM. 

Petroleum  is  a  tiatural,  oiiy,  dark-brown  Uquid  issuing  from  the 
earthj  or  puinpefi  from  wells  in  various  parts  of  the  glolie.  It  is  cona^ 
posed  of  J  and  is  the  jchief  natural  source  of,  hydrocarbons.  Several 
Tlietirics  liave  been  formed  to  account  for  fts  occurrence.  Berth elo-^ 
believed  it  to  be  the  result  of  the  action  of  ca^rbon  dioxide  on  steam 
and  the  alkali  metals.  Mendelejeff  thinks  it  is  produced  by  the  action 
of  metallic  carbides  on  water.  Neither  of  these  theories  seems  quite  ten- 
able, in  view  of  the  great  variability  in  the  composition  of  the  petroleum 
of  different  loailities.  The  theory  that  is  more  probable^  and  the  one 
that  has  recei\'ed  the  most  support,  isj  that  it  is  derived  from  the  sub- 
(errii neons  decomposition  of  vegetable  and  animal  matter.  The  chief 
Ituaiities  where  it  is  obtained  are  Pennsylvania,  western  New  York, 
c  hio,  West  Virginia,  California,  Colorado,  Texas, and  Canada;  Baku^  on 
tl.e  shores  of  the  Caspian  Sea;  Hanover^  Alsace,  and  Galicia.  Bur-  i 
inah,  India,  and  Japan  also  have  produced  some  petroleum.  ^H 

The  distillation  of  petroleum  is  carried  on  on  a  large  scale  in  cer-  ^^ 
tnjn  parts  of  this  countr)%  and  a  variety  of  products  are  found  in  the 
♦  mrket,  the  names  of  which  have  no  reference  to  the  chemical  com- 
[losition.     The  following  are  a  few  of  the  most  important  of  these 
prcKlucts,  with  their  boiHng  points  and  uses: 


Name.  Botusc  PtiiN-r* 

C}  mfjgenc, ........        o*^  C.  {  32*"  F.) 

Rhigolenc,. 18.3°  C.  (  fis**  F.) 


Petroleum  Ether, 40*  to  70*  C.(  104^ 

to  t$&°  F. ) 
Gasolene,..,.  ._ 4^°    C.(iis«F.) 


C  Naphtha,........,.,  82.2* C  (tSo* 

B-Naphth.i,. . . „ , ,  104.4**  C.  (sao* 

A -Naphtha, _  i4S.8=  C  f.^00" 

Bcn^^ine  (deodarued),..i2o**to  150°  C. 

(248**  to  303*  F.) 
Krnjscne*     or  "  Refined 

Petroleum^ 176**     C  {349''  F,} 


m 


Used  In  ice  machines. 

Used  to  produce  cold  by  evapo-  | 

ration,  and  as  an  anesthetic- 
As  a  solvent  and  for  making  ""air-  ] 

For  making  * '  air-gas>,"  and  in  gaso- 
lene engines- 
As  a  solvent  for  fats  and  nibberj  j 

hence*  for  cleaning  clothes. 
So<al!ed  '^safctyHiil." 

For  varnishes  and  paints. 

For  ordinary  bmipi. 
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Nakz. 

Mineral  Spcnn  Oil,. .218^  C  (434*  F.) 
Lubfkdung  OUs, . . ,  .301^  C.  (s  74*  F  ) 
Faiaffin, SoUd.     Mettsat  45^C. 

to6s**C(ii3*F.  to 

149"  F.) 


Fkisofal  Use  m  Aiis. 


Lubricadng  machineTy, 


For  Candles. 

The  vapors  of  all  the  lighter  products,  when  combined  with  air, 
forro  explosive  mixtures>  and_ hence  laws  exist  m  most  countnes  visA 
scribim;  the  lowet^t  temperature  at_which  kerosene  shaM  give  off  an 
mganimrbk  vjixir,  or  at   \\h\ch   {^  KhiAl   '-H^^"^     ^^'  ' 


^ 


^ The  law  of  the 

late  of  New  York  declares  that~oil5  uscfj  for  iihi^minatJng  ininw:*!^ 
shall  not  give  a  vapor  that  will  '^luisn  Delow  iqq'LJ.,  and  ^halJ  nt^ 
tBfthiseK  es  iE;nite  below  a  temperature  of  ^00^  I'^  Commerdal  oils 
mre  mostly  brought  to  a  fire-test  of  either  110°  F.,  120^  F.,  or  150^  F* 
Kerosene,  coal-oil,  or  iUtmiiiiating  oU  is  prepared  from  that 
portion  of  petroleiim  distilling  over  betsveen  150*^  C.  and^  220°  C.  {502° 
F*  to  425'*  F,)-  The  distiUate  is  "refined"  by  treatment  in  a  lar^ 
tank  with  a  tw'^o  per  cent,  solution  of  sulphuric  acid,  to  remove  the 
unsaturated  hydrocarbons,  wtucti,  li  left  In,  would  gradually  oxidize 
and  turn  dark.  The  remainint;  Jiguid  is  then  treated  viith  a  weak. 
solution  of  NaOH  to  remove  the  HJSO.^^nd  then  redistill^ 

Fietroieism  benziiij  benziniini  (U.  S.  P.),  is  a  distillate  from  Amer- 
ican petroleiim  con^iirsting  of  a  mixture  of  hydrocarbons,  chiefly  of  the 
marsh -gp^  series,  CgH^,  C,H,^,  and  homologues.  It  is  a  colorless, 
transparent,  mobile  liquid,  of  aromatic  odor* 

It  has  a  sp.  gr.  of  0.638  to  0.660,  and  boils  at  from  45'*  C<  to  60^* 
C.  (113°  F.  to  140°  F.)-  It  is  used  principally  as  a  solvent  for  fats, 
r^ns,  alkaloids,  and  rubber  Owing  to  its  solvent  power  for  fats,  it 
is  used  a.s  a  household  article  for  cleaning  fabrics, 

Beozintim  purifcattim  (U.  S,  P.)  is  prepared  by  treating  the 
above  distillate  with  sulphuric  add  and  pt^lassium  permanganate^  and 
after  twenty-four  hours  contact  washing  it  with  an  alkaline  solution  of 
^K^Mn^O^. 

^^Pfetrolatum  liquiduin  (U.  S.  P.)  is  a  colorless  or  yellowish, 
transparent,  odorless,  tasteless,  oily  liquid,  giving  off  when  heated  a 
£aint  odor  of  petroleum.  It  consists  chiefly  of  hydrocarbons  of  the 
marsh-gas  seriesj  and  is  obtained  from  petroleum  by  distilling  off  the 
more  volatile  portions  and  purifying  that  portion  of  the  distillate 
having  the  proper  consistence.  Specific  gravity,  about  0,870  to  0.940 
at  35"^  C.  (77^  F.),  It  is  insoluble  in  water,  but  soluble  in  hot  abso- 
lute alcohol,  in  ether,  chloroform,  beni£:ine,  carbon  disulphide,  tur- 
pentine, and  the  hxed  and  volatile  oils, 

Albolene,  benzoinol)  and  liquid  TaseUite  are  trade  names  for 
simjlar  liquids. 
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Vaseline*— Petrolatum  (U,  S,  P.)  and  white  vaselene,  petro- 
latum album  {U.  S*  P.),  arc  describcii  as  mixtures  of  hydrocarbons, 
diidly  of  the  marsh-gas  series,  obtained  by  distilling  off  the  lighter 

and  more  volatile  portions  fmm  petroleum^  and  purifying  the  residue, 
when  it  has  the  desiriKl  melting  point.  The  first  has  a  melting  point 
of  40°  C,  to  45^  C.  (104*^  F,  to  113*=^  F.),  and  the  second  of  45^  C  to 
51°  C,  (113*^  F,  to  125°  F,).  They  are  fat-Eke  masses  having  a  white 
to  deep  yellow  color,  and  more  or  less  fluorescent. 

ParaflSn,  Paraffinum  (U,  S.  R),  Paraffinum  Dunmi  (Br.).— This 
is  a  whitCj  wa.v-like  solid ^  prepared  by  distillation  from  bituminous 
shales,  or  from  tlie  residue  of  the  distillation  of  i>etroIeum  or  bitumen. 
It  is  also  prepared  from  ozokerite.  Its  hardness  and  melting  point 
vary  with  its  source.  Its  melting  point  varies  from  51.6°  C.  to  s/.a'^C. 
(125°  F.  to  T35°  F,).  It  is  a  mixture  of  saturated  hydrocarbons,  and 
is  soluble  in  ether,  benzene,  and  all  the  lighter  hydrocarbon  oils,  the 
ethereal  and  fatty  oils,  carbon  disulphide,  and  but  slightly  soluble  in 
alcohol  When  melted  with  wax,  spermaceti,  or  slearin,  It  mtx^  with 
them  in  all  proportions.  It  is  uscil  chiefly  for  making  candles,  for 
finishing  calicoes,  for  making  translucent  water prcKjf  paper,  and  chew- 
ing gura.  It  is  employed  in  pharmacy  as  a  coating  for  pills,  glycer* 
ine  suppositories  J  etc. 

The  Russian  oils  consist  largely  of  naphthalene  series  of  hydrocar- 
bons, instead  of  the  methane  series;  that  is,  of  hydrocarbons  isomeric 
with  the  olefins.  The  Canadian  and  Texas  oils  arc  much  heavier  than 
the  Pennsylvania  oils. 

Ozokerite,  or  mineral  wax,  is  a  wax-like  solid,  consisting  of 
paraffin  mixed  with  lighter  oils.  It  is  used  for  the  manufacture  of 
lubricating  oils  and  |>arafFm.  It  is  often  used  to  prepare  ceresin, 
a  substance  resembling  wax,  and  used  as  a  substitute  for  It. 

The  Olefins,  or  C^H^n  Series,— The  olefins  differ  from  the 
paraffins  in  being  unsaturated  compounds.  The  first  member  of  the 
series,  ethene  or  ethylene,  C3H4,  combines  directly  with  chlorine, 
forming  a  tliick,  oily  fluid,  from  which  the  discoverers  named  it  ole-  I 
fiant  gas.  The  iodide  and  bromide  may  also  be  formed  by  direct 
union.  The  olefms  combine  with  the  hydracids,  HCl,  HBr,  HI, 
and  also  with  fuming  H^SOj,  and  with  HNO,. 
C\H,  +  HCi  =  C,H,CL 

Most  olefins  are  soluble  in  alcohol  and  ether,  but  most  of  them 
are  insoluble  in  water.  They  are  soluble  in  strong  H^SO^.  Small 
quantities  of  the  olefins  are  found  in  petroleum.  Ethene  is  found 
in  illuminating  gas,  the  illuminating  power  of  which  dejiends  largely 
upon  its  presence.  It  is  a  colorless  gas  of  a  peculiar,  pungent  odor, 
and  may  be  separated  from  the  other  constituents  by  its  solubihty  in  / 
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HYOKOCASBONS. 


JOT 


'H^SO^  With  which  it  combines*     It  burns  in  the  air  with  a  bright^ 
.^     kmitiiom  tkme.     Its  sp.  gr.  is  0*9785;  density,  14.     The  higher  mem- 
ben  of  this   group   are   uDimpi^rtanL     The   following  are  the  chief 
\  of  tlie  series. 


b^rfkc.  C^«  gas 
FlQfpcfic,  C,t]«  gas. 
itoteiie.  C,H*  gas, 
i^nten^  C^Hte,  boik  at  3<;^  C* 
Ifeimc,  CJI.j,  biiU  at  70*^  C 


Ucicne,  QHjp  boib  at  125°  C, 
Noneae,  CjHji,  boik  at  153**  C. 
Dctcncj  CijH^,  boils  at  300*^  C. 


Sanimted  Hydrocarbons  Isomeric  with  the  Ole^s.— Beside 
the  zktss  of  ims4turate(J  hydrocarbons  of  the  general  formula  Cnlfjq, 
1  ioics  of  sattinilcd  hydrocarl>ons»  isomeric  with  them,  have  been 
anbled  from  Russian  j)etroleum.  The  carbon  atoms  in  these  com- 
poiipds  arc  t>eheved  to  be  arranged  in  the  form  of  a  closed  chain, 
aod  tbe  prefix  cycio-  is  used  to  denote  this  fact*  Those  which  have 
been  tsolaled  are  the  following: 


Cyclo-pri>paiie 


Cy(;So*butai»«r 


Cyrb-pcfitat^e 


CH,^CH, 
CH,— CII, 

i  I 

Ctl^-CII, 

I       I 


Series,— E  thine,    or    acetylenei    HC=CH,  or  C^Hj.— 

tTbb  fcricn  of  hytlrotarljons  fulls  shtirl  of  saturation  by  four  monad 

itums^  ind   c*in,   thcrcfi»rt%  act  as   liivalcnt  and   tetriviilent  radicals* 

The  first  memljcr  of  the  scries,  ethine,  or  acetylene^  QH,,  is  the 

only  hydiocarbfm  which  iim  l>e  formcfJ  by  the  direct  union  of  its  clc- 

ncnis.     It  is  prrxlucefi  when  carimn  is  sln>nf^ly  heated  in  an  ntmos- 

pbcre  cif  hydrugeo;    th;tl  is,  hv  p*is,sin^  a  fK>werful  electrical  current 

.between  carbon  |k>Ics  tn  a  globe  fillet!  with  hydrogen.     It  may  he 

n*cepared  in  c|iiantity  by  the  reaction  l>etw€en  calcium  carbide  and 

^miter. 

CaC,  +  H,0  -  CaO  +  C^, 

II  has  bf^n  prupsscfl  lo  prepare  the  gas  by  this  method  as  a  suIh  \ 
for  ^inlitian'  illumiruitiiig  gas.     The  cost  of  pmductlon  has 
iJbui  far  jirevcntecl  ils  gcnrrat  adoption.     One  gram  of  CaCj  is  suffi- 
bi  yicitl   aoo  c.c.  of  tlic  gas.     Ethlne,  or  acetylene,  combines 
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directly  with  either  two  or  four  atoms  of  chlorine,  bromine,  or  Iodine. 
Nascent  hydrogen  converts  it  into  ethene,  and  ojudl^ing  agents  (po- ■ 
tassium  permanganate,  etc.)  into  oxaHc  acid.  H 

sCjHj  +  4KjMnP8  +  uHjSQ^  -  4i^iSO^  +  SMnSO,  +  sH^QO^  +  i2H,0. 

It  is  found  in  coal-gas,  and  possesses  a  high  illuminating  power. 
This  hydrocarbon  is  remarkable  for  the  fact  that  its  hydrogen  is  easily 
displaced  by  metals;  tlius,  by  heating  sodiums  with  QH^  we  obtain 
CjHNa  (monosodium  acety'lid)  and  CjNa,  (disodium  acetylid). 
When  the  gas  is  passed  through  a  s(.-*lution  of  silver  nitrate  it  precipi- 
tates white  silver  acetylid,  CjAgj .  HjO,  an  explosive  comjiound. 
It  forms  cuprous  acetylid  when  passed  through  an  ammoniacal  solu-i 
don  of  cuprous  chloride. 

Allylene,  CH^C — CH^  h  a  gas  similar  to  acetylene  in  properties. 
AUeoe,  Cltj^C^CHjf  isomeric  with  the  above,  is  also  a  gas,  but  it  differiT 
from  it  by  not  giving  metallic  compDunds  with  copper  and  sOver. 

HALOID  SUBSTITUTION  PRODUCTS  DERIVED  FROM  METHAFE. 

These  substitution  products  are  formed  by  the  action  of  CI,  Br, 
or  I  uiK>n  methane.  These  compounds  may  be  considered  as 
chlorides,  bromides,  or  iodides  of  the  alcohol  or  alkyl  radicals. 
When  chlorine  acts  upon  methane^  the  hydrogen  is  gradually  dis- 
placed by  chlorine,  forming  methyl-cliloride,  CH3CI,  or  maiiochlor- 
tnethane;  dichlonnetliaae,  CHjClj;  trichlonne thane,  CHClj; 
tetrachlormethane,  CClj.  When  it  acts  upon  the  unsaturated 
hydrocarbons  compounds  are  formed  by  the  direct  addition  of  tvio, 
four,  or  six  atoms  of  chlorine^  depending  upon  the  number  of  unsat- 
urated bonds. 

Methyl-chloride,  monochlorm^ thane,  CHaCl,  is  prepared  on  a  ki^  scalr, 
for  use  in  fret-zing  machines,  bv  healing  the  hydrochloride  of  trimethylainiji  to 
360°  C  (soo'^  R). 


Trimcthfiainin  McthyJ-         Triniflhyl- 


M«lhy1amia* 


Hj^lrochloridc.         ehkinde.  amin 

Trimelhykimln  k  pttxlured  by  dlstlUing  the  refuse  from  the  manuf^ctiut 
of  bcct-sugar*  This  h  ncutr.iliKcd  with  hydrochloric  aci'd  and  then  healed  as 
above* 

It  may  also  be  obtained  by  passing  gaseous  HCl  into  methyl -alcohol^  or  by 
treating  mcthvUalcohol  with  a  mixture  of  HjSOj  and  NaCL  The  liquified  gas 
has  been  used  externally  for  the  relief  of  neuralgia. 

Methyl^hloride  is  a  colorless  gas,  slightly  soluble  in  water,  and  having  a 
sweetish  tasle  and  odon  It  is  a  liquid  below  — 32*  C.  ( — 7*6"  F.)»  Ii  bums  with 
a  greenish  flame. 

Methyl -bromide  and  methyl -iodide  arc  prepared  by  the  action  of  phosphorus 
and  bromine  or  iodine  upon  methyl-alcohol.  They  are  both  Liquids  at  orainary 
temperature?^. 

The  object  of  the  phosphorus  in  this  process  b  to  produce  H Br  and  HI,  which 
then  act  upon  the  alcohol: 
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r-  P*  +  loBr,  +  i6HjO  =  4HjPOj  ^  x>UBr. 
2.  CHjOH  +  HBr  -  CH»Br  +  H,0, 

IHclilormetliaiie,  metbjlciie  chloride,  CH^Cty  h  obuiDcd*  along  wiih 
tbe  atber  chknitie  subsiitutiori  products*  by  the  action  of  CI  upon  CH^  or  it  may  " 
be  bbcailicd  by  the  reductioti  t>f  cliIorL>form  ^itb  D^Lscent  hydrogoD.  It  is  ^  color-  ' 
Ies5»  dStf  iiquidi  boiling  at  40^^  C.  (104^  F.),  witli  an  odor  dmilar  to  tlmt  of  chkuo'  ] 
iorm^  It  is  slightly  soluble  in  water,  b  noo-in flam tna Me,  and  Ims  been  employed  " 
as, an  uiesthcricL  It  is  nol  safer  as  an  an^tbetic  th^ji  chionafunn. 
\J 

.    Trichlormetliaiief  CUorofonn,  Chlorofonnum  (U.  S,  P.,  Br.).— 

CHCI5*  When  meihyl-cbk>ricle  hi  acted  u\jini  hv  chlorine  it  pmduces 
a  ^ries  of  successive  substitution  products^  one  of  which,  trichlor- 
methane^  is  known  under  tbe  name  of  chlorofoim.  It  was  discovered 
In  1S31  by  Soubeiran  and  Liebig.  It  may  be  prepared  from  common 
alcohol,  as  follows:  In_34  parts  of  water  dissolve  6  parts  of  chloride 
of  lime,  stmin  into  aT  retort,  heal  10  40"  l;  (104"  ^^!^  and  adJT 
of  strong  alcohoL  A  reaction  soon  sets  in,  drt'eioprng  suihcieni 
It  to  distil  over  tbe  CHCIj,  This  distillate  is  purified  by  shaking 
it  with  water,  and  then  pure  H^O^  (free  from  HNO3),  which  chars 
any  hydrocarbons  or  empvreumatic  substances.  It  is  then  freed  from 
add  by  agitation  with  lime,  and  from  water  with  dr>^  calcium  chloride 
and  then  redistilled.  _ChlorQform  is  now  generally  m^^Jr^  nn  n^±ar^ 
scale  by  the  distillation  of  acetone  with^  clilnruie  of  Hme.  It  is 
probable  that  trichloracetone  iS  Iirst  lornied,  and  Ihis  is  decomposed 
by  the  calcium  hydroxide  present, 

1.  2CH^  CO   CH,  +  3CI,  =  3IICI  +  CH.'CO-Caj. 

Chlonilarm,     CuldtDn  Actt^ie- 

The  distilLate  Is  then  purified  as  above. 

Chloroform  is  a  colorless^  mobile  Hquid,  possessing  a  peculiar^ 
sweetish,  ethereal  odor  and  taste.  It  boils  at  60.8°  C.  (141,8*"  F.)- 
Sp*  gr*  not  below  1476  at  55°  C.  (77**  F.).  It  is  not  miscible  with 
water,  is  uninflammable  in  the  air,  and  dissolves  fats,  resins,  caout- 
chouc^ sulphur,  phosphorus,  and  iodine — the  last  with  a  \iolet -colored 
solution.  Chloroform  has  decided  antjfermentative  prop^erties,  and 
checks  the  growth  of  bacteria.  Commercial  chloroform  is  apt  to  be 
contaminated  with  alcohol,  aldehyde^  and  Lower  substitution  productS|j 
and  thus  readily  becomes  useless  on  keeping.  Purified  chloroform  is* 
prepared  fmm  the  alxne  by  mixing  it  with  sulphuric  add,  agitating, 
diawing  off  the  chloroform,  neutralizing  with  a  solution  of  sodium 
carbonate,  again  drawing  off,  adding  lime,  and  finally  distilling  the 
chloroform  on  a  water -bath.  It  should  contain  99  to  99,4  per  cent, 
of  CHClj,  by  weight,  and  0.6  to  1  per  cent,  of  alcohoL  Chloral- 
chlorofomi  is  the  name  sometimes  applied  to  chloroform  prepared  from 
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chloral  by  div;fill|n|T  with  an  alkali.  It  is  so  prepared  be 
freedom  from  the  impurities  to  which  ordinan"  chlorofon 
The  best  article  for  anesthetic  puq^oses  is  prepared  in  this  \ 
Impurities. — Chlt^roform  is  likely  to  contain  as  impuri 
aldehj'dej  and  h 3x1  roch lone  acid_,  Fure  ctiJorotorm  shot 
Tebldue  when  a  lew  "jrops  are  evaporated  on  a  watch-g 
"shaken  with  an  equal  volume  of  watetj  the  latter^wEe 
should  not  alTecf  litmuii  f>ajjerj  nor^ive  a  predpjtale  wid 
bf  AkNO^  nor  [ibcraic  itxiine  fronT  a  solution  of  KI  Cab 
^lorineyr^  A  portion  ol  it  digested  with  a  solution  of  1 
Tiot  become  dark  (absence  of  aldehyde).     If  a  dark  coJora 


lo  ex,  of  chloruform  are  mixed  with   <  ex. 


of  HjSO,, 


^o  remain  in  contact  ior  twenty -four  hours,  il  shows  the 
substances  ol 


foreign    substances  ol  a   clan^^erous^haract^rT    It    a 
chlaroform   be  evaporated  frorn  a  blotting  paper  on  the 
jiiLrKlj  no  forei^^n  odor  should  be  detected 


Physiological  Action. — When  apphed  to  the  skin, 
acti5  as  an  irritant,  and,  if  evaporation  be  retarded,  as  a  ve 
vapor,  when  inhaled,  produces  anesthesia.  When  used  ; 
pose,  it  should  be  quite  pure,  and  some  air  should  be  at 
the  vapor  when  administered.  The  fatal  accidents  that  h; 
in  its  use  as  an  anesthetic  are  due  to  a  paralysis  oi  thcTi 
^me  cases  at  least,  may  be  ailrjbutcxl  to  the  exclusion 
Hie  luniis.  It  is  safer  with  children  and  ^\ith  women  ir 
than  with  ordinary  adults*  It  is  eliminated  slowly,  and  w 
hypodermatically  the  effect  is  slow  in  making  its  app< 
lasts  for  several  hours.  It  ^hould  be  ^fjminij^terefl  witt 
persons  who  are  the  subjects  of  organic  heart  ur  renal  diae 

Detection  of  Chloroform,^ A  very  delicate  test  for  chloroj 
the  presientc  of  alcohol^  is  to  add  some  soJutinti  of  NaOH  in  alcoh 
anilin  to  the  susj^etrted  liquid.  Either  inimediaiely  or  on  gently  wai 
ture,  a  strong  odor  of  phcnylbocyanidc  is  produced, 

CHCl,  +  ^NaOH  +  b,H,NH,  =  QH,—  CN  +  jNaCl  +  3 

Second  test, — Wlica  heated  with  Feh Ling's  solution^  chloroform  ' 
precipitates  cuprous  oxide.     Alcohol  does  not  interfere  with  the  te 

Third  test.— When  heated  with  a  solution  of  KOH  in  alcohol, 
decomposed  with  formaUoti  of  KCl  and  j^Kitassium  formate. 

CHCl,  +  4KOH  =  3KCI  +  KOCHO  4-  aHjO, 

Fourth  test. — "When  chloroform  is  added  to  a  solution  of  heb 
strong  KOH  solutiun,  and  the  liquid  heated  to  about  50°  C.  (la?"  F,) 
slan-blue  color  h  produced,  changing  gradually,  on  exposure  to  the  a 
and  finally  to  a  brown.  Chloral  hydrate  gives  the  some  reaction, 
point  of  chloroform  h  a  valuable  indication  of  its  purity.  Pure  chh 
at  60,8''  C.  <i4i,4°  F.),    The  presence  of  one-haff  per  cent,  of  ak 


HAIjOIB  dehivatives. 
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iJie  boiling  point  to  50,8*  C,  (139.5**  ^*)*     ^  boHing  point  higher  than  6j^  C, 
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presence  of  amy!  or  butjl  compounds. 


I 


I 


indicates  1 

Sjiiiitiis  cMorofonm  (U.  S.  P.)  contains  jx  per  cent,  bv  volume 
of  chloroform  and  ninety-fouf  per  cent,  of  alcohol 

Carbon  tetrachloride,  Tetrachlor-metliaiie,  CCl,,  is  a  co!orl^s, 
transparent,  mobile,  highly  refractive  liquid  having  a  pleasant,  ethereal 
(xkir  and  possessing  ane^^thetic  properties^  but  dangerotis  to  use  owing 
to  its  effect  on  the  heart.  It  is  emplovecl  mostly  as  a  solvent.  It  IxJils 
at  76.7°  C  (170°  F.). 

Uethyl-broDiide,  CH^Br,  or  monobrom-metliaiie,  and  dibrom- 
methane  have  Htile  or  no  interest  to  the  medical  studenL 

Tribrom-metliane,  or  bromoform,  bromofonniim  (U,  S.  P.), 
CHBr^,  closely  resembles  chlomform  in  pmperties.  It  boils  at  148** C> 
(298.4^  F.),  Sp.  gj.,  2.808  at  25^  C.  (77^  F-),  It  is  not  infrec|uently 
pr^aat  in  commercial  bromine,  even  to  the  extent  of  ten  per  cent.  It  IS 
prepared  by  gradually  adding  bromine  to  a  cold  solution  of  KOH  in 
methyl -alcohol,  until  the  liquid  begins  to  be  colored.  It  is  purified  by 
treatment  with  GaCl,,  and  redistillation.  It  is  soluble  in  ether  and 
alcohol,  and  but  sparingly  so  in  waiter, 

j^  Iodoform,  triiodo-meUmne,  io4ofonnum  (U.  S,  P.,  BrO»  CHI^, 
is  jormed  by  the  combined  af^jf^g  f*f  khh  unA  it^mf^  upon  eth^vl- 
alobbol. 

.^  CH^'  CHjOH  +  4I,  +  aKOH  =  Cin,  +  HCOOK  +  5KI  -h  sK.O, 
ife  formation  is  a  convenient  test  for  ethyl-alcohol,  or  acetic  aldehyde. 
Tim  compound  is  prepared  by  acting  upon  ethyl  alcohol,  aldehyde, 
acetone,  and  many  other  compounds  with  iodine,  and  potassium  by- 
dioxide  or  carbonate.  Although  made  from  ethyl-alcohol,  it  ought 
to  be  regarded  as  a  derivative  of  CH^  by  substitution  of  I,  for  H^, 

It  crystallines  in  yellow  scales,  which,  under  the  microscope,  resem- 
ble the  beautiful  forms  of  snowflakes.  It  has  a  penetrating,  saffron- 
like odor,  melts  at  115^  C  (239°  F.),  and  volatilizes  slowly  at  ordinary 
temperatures.  It  is  soluble  in  9391  parts  of  water,  but  easily  soluble  in 
alcohol,  ether,  chloroform,  bisulphide  of  Giii>on,  and  fixed  and  volatile 
oils.     It  is  neutral  in  reaction,  and  volatilizes  completely  on  heating  it. 

Physiological  Effccts.--Iodoform  is  a  stimulant  and  anesthetic 
when  applied  to  wounds,  and  is  much  prized  by  many  surgeons  as  an 
antiseptic  dressing  for  w^ounds  after  operations.  It  prevents  putre- 
factive decompositions  and  acts  as  a  deodorizer,  but  its  ow^n  odor  is 
disagreeable  to  many  persons.  Its  bepeficlal  effect  is  probably,  dug 
to  tliejilow  liberation  of  io<^ipe. 

Tests  for  Impurities.— Com mertial  iodoform,  on  agit^tioQ  with  water, 
tboiifd  fiot  yield  a  Uquid  prijcipitablc  by  BaCI,  or  AgNO^  (Abscntc  of  stilphatcs 
S0d  chlofidea,)  It  shoulc)  he  wholly  soluble  in  Mimg  alcohoV  and  should  leave 
go  r:^uc  on  ignition  in  the  air.    Picdc  acid  has  been  used  us  an  adulterant  of 
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iodoform.  It  may  be  delected  by  agitating  a  sample  with  a  dilute  fiolytiod  of 
NaOH  or  Na^CO^  carefully  neutrali^irjg  the  titrate  with  acetic  acid,  and  adding 
potassium  nitrate,  when  a'  yellow  pretipitale  of  potassium  picrmtc  will  be  thrown 
down. 


HALOID  SUBSTITUTION  PRODUCTS  DERIVED  FROM  ETHAIfB. 

These  are  formed  by  rei^lacirig  the  hydrogen  by  the  halogens,  or 
more  readily  by  replacing  tlie  hydroxyl  group  in  elhyl  alcohol  by  one  of 
the  halogen  elcments^-vtz.,  fluorine^  chlorine,  bromine,  or  iodine. 

Ethyl-cliloride,  -^thylis  chloiidtmi  (U.  S.  P.),  CjHsCl,  is  prcrpared 
by  passing  gaseous  HCi  into  a  boiling  solution  of  zinc  chloride  in  twice 
its  weight  of  alcohol. 

C^.OH  +  HCI  "  C^^Cl  +  HOH. 

The  ethjrl'Chloride  distils  over  and  is  dissolved  in  alcohol  It  is  a 
colorless  liquid  of  sp.  gr.  0.92,  boiling  at  12.5''  C.  (54^0'^  F.).  A  mix- 
ture of  C^H^Cl  and  methyl-ether  is  used  as  a  local  anesthetic.  The 
liquid  is  very  much  used  as  a  local  and  general  anesthetic,  ll  is  sold 
in  sealed  lubes  provided  with  a  fine  opening  at  one  end  controlled  with 
a  valve.  WTien  the  liquid  is  thrown  upon  the  skin  the  cold  pnxluced  by 
the  evaporation  of  the  liquid  freezes  the  part  and  renders  it  anesthetic. 
It  is  considered  a  rapid  and  safe  general  anesthetic. 

Ethyl-bromide,  CjH^Br,  is  prepared  by  the  action  of  bromine 
and  phosphorus  on  absolute  alcohol.  It  is  a  colorless  liquid,  boiling 
at  39*^  C.  {102°  F.).  It,  as  weE  as  the  chloride,  has  anesthetic 
properties.  The  bromide  has  been  employed  for  this  purpose,  but  is 
not  considered  free  from  danger, 

^ff  ORGANO^METALLIC  COMPOUIfDS, 

The  hydrocarbon  radicals  can  be  made  to  combine  with  certain 
metals.  They  are  usually  obtained  by  the  action  of  the  iodide  of  an 
alcoholic  radical  upon  the  powdered  metallic  element  in  an  atmos- 
phere  of  11.  They  are  substances  which  have  been  put  to  no  use  in 
the  arts  or  in  medicine,  but  are  of  interest  principally  in  chenucal 
synthesis,  I'he  hyilrocarbon  radicals  also  combine  with  ammonia, 
phosphin,  arsin,  and  stibin.  These  compounds  are  similar  to  the 
ammonium  compounds,  which  we  shall  study  later.  They  are  of  no 
therapeutic  inlerest,  * 

(^jui^^'''^"'^    THE  ALCOHOLS, 

The  alcohols  m:i}-  he  regarded  as  m^jvou^'^l'^  rompospd  nf  la,ydp^^l 
and  a  hydrocarbon  railical^;  or  they  may  be  regarded  as  the  result  of 
the  substitution  of  OH  for  one  or  more  H  atoms  in  a  hydrocarbon 
molecule.  In  fact,  nearly  all  hydrocarbons  may  be  so  changed  by  the 
action  of  hydrogen  dioadde.    They  may  also  be  regarded  as  formed 
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kom  a  molecule  of  water,  sn  which  one  of  the  hydrogen  atoms  has 

bcm  replaced  by  a  hydrocarbon  radical — 1\  g,,  they  maybe  regarded 

as  bydfoxidf^  j>La  hydrocarbon  or  alcohol  T^ical.  anH  iRi^y  rp^pmHe 

ta  strocUifc  the  jas^  of  moronic  cbeinjstry7 

H— O— H  HCX:iL  HOCjHj, 

W»«er.  Methyl  ikobol.  Eifayl  aJeobol. 

The  prEse0c«  of  a  hydroxrl  grtitip  in  alcohols  may  be  proven  by  trealment  with 
tte  sodtillll«  which  repUccs  tbc  hydnog^n  of  the  hydroxy];  or  by  ireatmeoE  wiih 
,  vhli^h  tvQiarvcs  OH  and  replaces  U  with  Clj  as  tndiciiied  in  the  fullowing  re- 


k     j 
Ik     I 


^     PCI,     = 


4CH3CI 
Cliloridff, 


+      HCl      + 


Phosphunc 
Add- 


Alcdaols  3Lre  clas^Mcd    as    monatomiCi    diatomic,    tnatomici 
fff.,  &ccDPdmg  to  the  number  of  bydroxyl  groups  in  the  molecule, 
A  Biaiiatoiitic  alcohol  is  one  containing  but  one  OH  group. 
A  diatomic  alcohol  is  one  contaimng  two  OH  groups, 
A  trifttooiic  alcohol  is  one  containing  three  OH  groups. 
Thr  hydrogen  of  the  hydro xyl  group,  in  alcohols,  may  lae  replaced 
bi>ih  |x>v.itive  and  negative  radicals.     This  H  is  called  alcoholic 
^gen,  to   dbtinguish   it  from  the  other  H  atoms  in  thealcfihol 


AIooIk^s  arc  also  divided  intt/primary^  secondar^^  and  tertiary, 
tdistingubh  the  various  isomers  which  exist  among  these  btxJics. 
A  primAfy  almhol  is  one  in  which  the  hydroxy)  is  attachtxl  to  a 
caitmi  atom   which  is   united   to    but   one   other   carbon   atom,  as 
CH,-CH^-CHj-0-H,    The>  conta  in  the  ^roup  (CHjOH)'. 

A  secondary  alcohol,  or  iso-alcohol^  U  one  in  which  the  hydroxyl 
pxxxf  is  attached  to  a  carl>on  atom  w  hich  is  joined  to  two  other  carbon 
It  contains  the  group  (CHOH)"  instead  of  CH^OH  of  the 
'akohols;  as,  for  example: 

6 
1^ 

lived  from  an  isomeric  hydrocarb*in .     Thus,  from  butane 
» i^umeric  alcohols,  according  to  the  following  formula;: 
und     CH,CH,    CHOHCHr 


CH.'CtL    CH,    CH,OH 


CH,CH,    CHOH 


FrooQ   iiobiitaiLe  we  also   have  two   isomeric  alcohols,  the  one 
and  the  tiiher  tertiary: 

^:  CH'CH,()H  4iid 


l-carbinuJi,  ut 


Trimeihyl  fflfMftpl 
JJyTyl  ik 


CM,  J 
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A  tertiary  alcohol  b  one  in  which  the  hydroxy!  grottp  is  linked 
to  a  carbon  atom  which  is  joined  lo  three  other  carbon  atoms.  It 
contains  the  group  (COH)'";for  example; 

6n 

TextiifT  Butjrl'sJcokol,  or  Ttimciliyl-cu-bi&oL 

Greater  faciUty  in  naming  the  alcohols  may  be  attained  by  regard- 
ing them  all  as  derivatives  of  melhyl-akohol,  or  carbiaoL    Accord- 
ing  to   this   view,  ihe   formulie   and   corresponding   names   are 
follows: 

Carbinol,  CH^OH. 

Ethyl-alcohol,  or  Methyl -carbinol,  CH,  ■  CH, '  OH, 

Propyl-aJcoho^  or  Ethyl-carbiiwl,  CjHj, "  CHaOH. 

Isopropyl -alcohol,  or  Diinetbyl-carbinol,  CH,  '  CHOH  '  CH^ 

Isobulyi -alcohol,  or  Trimcthyl-ciirbmol,  (CHJ., '  COH, 

Butyl-alcohol,  or  Pmpyl-rarbinol,  QH^  *  CH^OH. 

Primary  Iso butyl-alcohol,  or  Isoptxipyl-tarbinol,  QH,  '  CH,OH. 

The  primary,  secondary,  and  tertiary  alcohols  arc  distinguished 
by   their   behavior   with  oxidizing  agents.      Primary  alcohols,   when 
oxidized,  at  first  form  an  aldehyde^  and^  finally,  an  acid  containing  | 
the  same  number  of  carbon  atoms  as  itself. 


Ethyl -jiltalioL 


O,     -     aCsH^OH 

Acetic 


H.OH    -h 

Akkhyde. 


iH^O. 


sCjHaOH    + 
Acetic  Aldehyde. 


Acetic  Add. 


^     2(CH,)-CO    +     2H,0, 
DiMeihyl-kctotie. 


^  Secondary  alcohols,  when  oxidixed,  yield  a  ketone  having  the  same 
nuipber  of  carbon  atoms  as  itself,  but  no  organic  acid. 

'V/v/  2(CH3,),CHOH    -f    O, 

*  l9opn»pyl -Alcohol,  ot 

Ditncthy  I-  cArbmoL 

A  tertiary  alcohol,  when  oxidized,  is  either  broken  up  into  two  or 
more  acids,  or  it  may  form  a  ketone  having  one  carbon  atom  less 
than  itself,  while  the  other  carbon  atom  forms  formic  or  carbonic 
acid. 


2(CH,)sCOH    + 

Tfi  methy  I  carbinol . 


30, 


-    a(CH,),CO 
Dimethyl  -keioDe. 


3HCOOH 

Formic  Add. 


-h     srHjO. 


From  the  above  reactions  wc  deduce  the  following  rule:  When 
an  organic  compound  is  acted  upon  by  oxidizing  agents,  tbe 
molecule  is  attacked  at  the  part  which  already  contains  oxygen, 
or  where  oxidation  has  already  begun* 

Monatomic   Alcohols^ — Having  given  a  brief  definition  of  the 
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fctmp^  of  alcohols^  we  shall  now  proceed  to  notice  briefly  those 
which  may  be  considered  of  inost  importance  to  the  student 
\      off  oiedictDe  or  pharmacy.     We  shall  omit  many  of  these  compounds 
vhkh  ane  of  chemical  interest  only* 


31S 


TjisiLE  or  MoDSAioiuc  Alcobols  of  tUK  ] 

First  Sekies,  with  Correspoj^d- 

ING  Acids* 

Atenmmit 

FOUMULA. 

Fattv  AcioA. 

FoaMULA, 

BOtLIHQ 

tj^-mkohol    (Wopd- 

CHgrOH 

«PC. 

Formk  Acid, 

HCHOf 

iw«»C. 

■Mjklrolk^  (Spirit  of 

CHs-C^M 

ii6°C, 

Acetic  Acid, 

HCiH,Q, 

iia^C. 

SSabsf:::::: 

C^H,-OH 

Propiotiii;  AcJd, 
Butyric  Acidt 

HC,HsOi 

teff-orrMfMcoM.   . 

QH„-0-H 

IJT^C. 

Valerlaiik  or 

Feutylic  Acid , 

HCjHgOi 

iftS^C. 

Hcayl^kialMl*  .  .  _  .  . 

CtHu-O-H 

iSf'C. 

Caproic  or 
Hcxvlk  Acid, 

HCeHijOi 

»S*'C. 

CHis-O-H 

176°  c. 

CEnaiitlitc  or 

Hepivlic  Acid. 
Capr>lic  or 
Oetrik  Acid, 

HCjHiiOg 

314*  a 

'*******^ ' 

C,H,H>-H 

iqSPC. 

HC^HiiOt 

«U"C. 

M^Hmt 

M^f£itt£ 

Fmmi, 

PtfmL 

C^rMctiiioi. 

C|»H«-0-H 

56^  c. 

Piilmitk  Acid, 

HCidtl^O, 

63^  C, 

Sioiric  Acldp 

hChLo; 

rwiBt  afiiiihiil 

Cfl|Hf,^0-H 

^8: 

CerDtic  Acid, 
Mcljrisk  Acid. 

Carbinol,  Hetbyl-alcohol,  Methyl  Hydroxide,  Wood  AU 
'ftthol*— ClfjOH.  Mfthvl-akohol  occurs  among  the  pnKlucts  of  the 
destnictivc  di^tilbtinn  of  wo*>d,  forming  abtmt  one  per  cent,  of  the 
dblilbte.  The  j^loihtil  is  separaletl  from  the  other  pnxlucts  by  careful 
ImrrttiMil  dislilbtion.  It  is  then  red  [stilled  after  adding  lime.  This 
bllKn  trcsUcd  with  dr%'  calcium  chloride^  with  which  the  alcohol  ojm- 
Imki  to  fticm  a  solid,  tTystdline  IkkIv,  from  which  other  impurities 
Wf  easily  be  sepjiratcd;  the  alcohol  is  recovered  from  this  sf*lid  hy 
dUBtqg  with  water.  The  water  is  finally  removed  by  treating  with 
<|«kkliioe  and  distilling  at  a  low  temperature.  Oil  of  winter^een 
aicttbt»  chiefly  of  the  inethyU^ter  of  salicylic  acid.  On  distilling  this 
«3  «rilb  pcrta^stym  hydn^xidet  pure  methyl-alcohnl  is  obtaineti, 

Iklbjfl-akcitiol  hi  a  transparent »  cnbrlcss,  mobile  liquid,  hiiving  a 
^iritiaoits  odor  and  a  sp.  gr,  of  0.8142,     It  burns  with  a  bkiish  flame. 
tt  if  miidbic  with  water  in  all  prof wrlifms,      Columhian   spirit   is 
|ftdtakiriDed  pure  methyl-akohoL     By  oxidation  It  yields  formic  add* 

CH.OH  +  O,  -  CHO,H  4  ii,n, 
fVl&  aocb  it   pnxluccs  esters.     With  acetic  acid  it  gives  mcthv 
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acetic  ether,  or  methyl-acetate,  CHj—O — CjHjO.    With  hydrochloric] 
acid  it  gives  methyl -chloride,  CH3CK     Many  other  esters  and  substi- 
tution products  are  known. 

The  physiological  action  of  methyl-alcohol  differs  from  that  of  I 
common  ethyl-alcohol,  in  that  the  exhilarating  effect  is  quickly  followed ^ 
by  %^ertlgo,  nausea,  vomiting,  headache,  dilated  pupils,  delirium^  coma, 
and  death.     When  recovery  takes  place  blindness  often  results  from 
jirojihy  of  opti^  nerve. 

Methylated  spirit  is  a  mixture  of  ninety  parts  of  common  alcohol 
and  ten  parts  of  methyl-akohoL 

U  Ethyl-alcohol,  Common  Alcohol,  Alcohol  (U,  S,  P0.-<:,HsOH, 
It  is  f>repared  from  saccharine  liquids  by  the  growth  of  a  microscopic 
plant  called  yeast.  The  process  is  called  fermentation.  Cane-sugar, 
starch,  and  cellulose  can  be  fermented  only  after  conversion  into  glucose  j 
or  levidose,  which  can  be  slowly  accomplished  by  the  yeast  itself, 

qjH„Ofl  +  yeast  ^  aC^HoO  -h  aCO,^ 

This  reaction  accounts  for  only  ninety-four  to  ninety-six  per  cent*  of 
the  sugar  employed,  the  remaining  part  being  transformed  into  other 
products,  such  as  succinic  acid,  glycerin,  *' fusel  oil,"  etc.  The 
organisms  under  whose  influence  this  changejakgsjplacc  are  jgvgal 
jurieties  of  SacchQromyces^  or  yeast-i>Ianjs.  The  sugar  to  be  lenneSlSr 
"may  be  from  the  juices  of  fruits  or  sugar-cane,  or  it  may  be  previously 
prepared  from  the  starch  of  the  cereals  by  the  aid  of  malt  or  sulphuric 
acid.  The  secondary  or  side-products  in  the  fermentation  vaiy  some- 
what with  sugars  from  these  various  sources,  and  thus  give  rise  to  the 
different  ilavors  of  the  fermented  liquors.  The  alcohol  may  be  sepa- 
rateti  from  the  water  and  other  prcxlucts,  after  the  fermentation,  by 
careful  fractional  distillation.  If  it  be  desired  to  prepare  an  alcohol 
containing  more  than  ninety  per  cent.,  some  substance  must  be  added 
which  will  combine  with  and  hold  back  the  water,^as  quicklime,  an- 
hydrous copper  sulphate,  potassium  carbonate,  or  barium  hydroxide, 
— after  which  it  is  again  distilled. 

Absolute  alcohol,  alcohol  absolutmn  {IF.  S,  P,,  Bn),  is  a 
colorless,  Umpid  liquid  of  an  agreeubie  odor  and  burning  taste,  con- 
taining not  more  than  i  per  cent,  of  water.  Its  sp,  gr,  should  not  be 
above  0.790  at  25^^  C.  (77^  F.)^  equivalent  to  99  per  cent,  of  alcohol  by 
volume  and  weight.  It  attracts  water,  and  mixes  slowly  \\ith  this  hquid 
in  all  proportiitns,  with  the  production  of  heat  and  contraction  in 
volume.    It  boils  at  78.4^  C.  (173°  F.),  and  solidifies  at  ^130.5^  C, 

302  »9^  F,).    It  is  neutral  to  test-paper,  and  bums  readily,  with  a  non- 
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Inzokious  Bskmt.  It  dis^lv^  resins,  esseotial  oils,  alkaline  hydroxides, 
caklim]  chloride,  and  a  large  number  of  organic  bodies.  Qicidiging 
agTOt^  convert  it  into  al^hvde  and^  finally,  ^nto  acetic  add>  Nitric 
acMj  (humng}  d^^mposes  it  ^veiy  rapidiy,  giving  a  number  of  adds 
and  ethers.  If  ninety  per  cent,  of  alcohol  be  added  to  a  solution  of 
mcrcun^  or  silver  in  nitric  add,  a  rapid  ebullition  takes  place,  forming 
a  aystklline  deposit  of  fulminate  of  silver  or  mercuiy,  which  ex- 
plod^  when  dr>%  by  percussion,  and  is  used  in  filling  [jercussfon 
cmps.  The  formulae  are  C^'jOj-Agj  and  C^jO^Hg.  The  alkahne 
ni^als  attack  alcohol,  and  give  ethykt^  of  these  metals. 

aC^OH  -I-  K^  -  iCjHjOK  +  Hj- 

Wlien  distilled  vnth  sulphuric  add  and  a  salt  of  Mn  oqpmc  add,  it 
f€3nns  a>ropound  ethers*  or  esters. 
1-^  Physiological  Action.^.^loohol,  when  concentniled,  b  a  poison. 
Even  when  taken  in  large  doses,  wdl  dUiited^  it  has  freqaesdy  caused 
death,  probably  by  parali^ss  of  the  musdes  of  respiimtioii  or  of  the 
b^rt.  In  full  doses  it  causes  a  feeling  ol  warmtb  in  die  stoaiacli, 
followed  by  congestion  of  this  organ.  After  aheorpdoD,  tliere  u  at 
fiiit  a  feeling  of  eshJlaratioii,  with  exalted  animal  functions^  quickened 
pulse,  and  increase  drculatlon,  with  dibUmliQEi  of  U)e  superficial 
blood-vessels.  This  is  often  accompanied  and  always  followed  by  in- 
coherence of  ideas  and  muscular  actions,  and  finally  a  general  weak- 
n^s  of  all  the  voluntar)'  actions.  The  temperature  is  lowoied,  both 
in  hea^lth  and  in  most  diseased  conditions.  The  prolonged  use  of 
alcoholic  be\erag^  is  followed  by  genial  degenetaiiv^  diaiig^ 
dther  fatty  or  fibroid.  There  are  no  condtisive  arguments  to  prove 
the  benefit  to  be  derived  from  the  use  of  alcohol  in  health,  but  in  cer- 
tain dis^s«i  condition^  it  is  of  undoubted  ^-alue. 

Commercial  Forms. — Commerdal  alcohol  varies  in  strength 
liom  85  to  95  per  cent.  Alcohol  (U.  S.  P.)  contains  about  92.3  per 
cent-  by  wdght,  and  94^9  per  cenL  by  volume,  of  ethyl-alcohoL  Com- 
mercial alcohol  usually  contains  about  91  per  cent,  by  wdght,  or  914 
per  cent  by  vohime,  of  aloohol,  and  about  9  per  cent  by  wdght  of 
watef. 

Alcohol  shoiikl  have  a  sp.  gr,  of  about  0J16  at  15^  C.  (59^  F.). 
and  when  mtjced  with  an  equal  volume  of  water  and  one-^th 
voiiune  of  glycenn«  and  the  mlicture  allowed  to  evaporate  spon- 
taneously from  dean  blotting-paper«  it  should  leave  no  fordgn  tjdor. 
It  should  not  turn  brown  upon  adding  concentrated  sulphuric  add 
to  it. 
l^  Alcohol  dilutum  (U,  S*  P.)  contains  41,5  per  cent  by  wdght,  or 
4S,9  per  cent  by  volume,  of  absolute  ethyl-aloohoL 
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'    Proof  spirit,  spiritus  temiior  (Br.,  1890),  contains  49  per  cent, 
CjH^O;  so  called  because  it  is  jig_weak€st  alcohol  that  will  fijg^guiv- 

Tinctures  are  solutions  of  medicinal,  non-volatUc,  or  only  partially 
Volatile,  substances  in  liquids  other  tlian  glycerin  or  water.  Soluli^ins 
of  volatile  substances  in  water  are  known  as  medicated  waters, 
and  similar  solutions  in  alcohol  as  spirits^  The  liquids  employed  in 
the  preparation  of  linctures  are  alcohol  of  different  strengths,  spirit 
of  elher,  spirit  of  nitrous  ether,  mixtures  of  water,  alcohol,  and 
glycerin^  and  aromatic  spirit  of  ammonia  or  ammoniated  alcohol. 
According  to  the  liquid  emplo}'ed,  linctures  are  known  as  ammomatecj^ 
ethercid^  or  alcoholic.  The  greatest  number  of  tinctures  are  made 
with  alcohol.  Most  tinctures  of  the  U.  S*  P.  are  prepared  with  diluted 
alcohol;  those  of  the  Br*  P.  with  alcohol  of  five  different  strengths, — 
viz.,  90  per  cent.,  70  per  cent.,  60  per  cent.,  45  per  cent,  and  20 
per  cent.  The  U.  S.  P.  official  tinctures,  of  which  there  are  sixty* 
four,  are  made  in  three  ways:  (r)  by  percolation;  (2)  by  maceration; 
(3)  by  solution  or  dilution.  Tinctures  of  resins,  oleoresins,  balsams, 
and  most  of  the  gum -resins  are  best  prepared  by  maceration.  Ail 
other  drugs  are  conveniently  extracted  by  percolation.  This  plan  has 
been  generally  adopted  by  the  U.  S.  P.  where  practicable.  The  Br.  P, 
directs  first  to  macerate  the  drug  for  twenty-four  hours  and  then  to 
percolate.  The  Ger,  P,  directs  to  prepare  all  linctures  by  maceration 
or  digestion. 


Detection  and  Estimation  of  Alcohol. — Alcohol  may  be  detected  in  quantities 

of  one  per  cent,  ur  mure*  in  any  fluid ,  by  shaking  the  sample  for  a  few  minutes  with 
a  small  quaniily  of  [.H>wdtred  ^aiacum  taken  from  the  center  of  a  lump^  Filler  the 
Jiquid  and  add  a  few  drops  of  diluted  hydrocyaiuc  add  and  a  drop  of  a  weak  solutiun 
of  CuSO^*  If  alcohol  \x  present,  a  blue  color  is  produced,  which  can  best  be  seen 
by  holding  the  \v\x  over  white  paper. 

Second  test.— A  very  delicate  test  for  alcohoS  depends  on  the  fact  that  atcoholj 
under  the  influence  of  iodine  and  an  alkali,  yields  iodoform,  CHIj,  To  lo  c,c,  of 
the  liquid  add  5  drops  of  a  10  per  cent,  solution  of  NaOH,  and  warm  to  about  50**  C 
(11  J*  >\),  A  saturated  solution  of  iodine  in  a  solution  of  K I  is  next  added,  drop  by 
drop,  until  the  liquid  becomes  slightly  yellow.  If  alcohol  be  present,  iodofonn  b 
gradually  deposited  in  yellow  cmt^lsj  whieb  may  be  examined  with  a  lens. 

Third  test.— A  solution  of  one  part  of  moJybcUc  add  in  ten  of  strong  lijSO^i 
when  warmed  ^M'th  the  suspected  solution,  immediately  gives  a  blue  cx)lor  in  thi; 
presence  of  *ikohol,  ether,  or  aldehyde.     It  w*iU  detect  o.  t  per  cent. 

Alcohol  is  estimated  quantitatively  in  mixtures  with  water  by  means  of  its  sp,  gr. 
and  teferencc  to  an  alcoholic  table  prepared  for  the  purjKise.  In  tinctures^  wlncv 
licer,  or  other  beverages^  100  c.c*  of  the  sample  is  put  into  a  retort  and  distilled  until 
about  one-half  distils  over.  The  distillate  is  collected  and  pure  water  added  to  make 
the  volume  up  to  that  of  the  beverage  taken.  It  remains  then  to  take  the  sp.  gr.  of 
this  solution  J  and  refer  to  the  table  tu  determine  the  percentage  of  akohoL  The  sp. 
.  in  these  coses  must  be  taken  with  extreme  care,  with  the  sp.  gr,  bottle. 
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AlcoboLic  beverages  are  usually  of  three  cksscs— viz^  distiUedy 
fennent^i  and  joialt  liquors.  To  the  first  class  Belong  spiritT 
djstflJecTTrora  fermenfetfBquors— brandy  from  wine,  whi^y  fn>m 
a  masli  of  com  or  r>'e,  rum  from  molasses,  gin  from  corn-spirit  mixed 
with  jumper  berries. 

To  the  second  class  belong  the  various  wines.  To  the  t^d  class 
bebngg  beer,  prepared  by  fermenting  an  infusion  of  malted  barley 
and  hops.  Ale,  porter,  and  stout  differ  from  beer  only  in  the  selec- 
tion and  proportion  of  Uie  malt,  hop&,  and  flavoring  materials. 

We  introduce  liere  some  nsults  of  die  analyses  of  various  distiUed  tiquqia^  i 
found  in  the  American  market,  for  ihc  purpose  of  comparisoQ  aft  to  the 
sifength  of  alcoboL 


Specific  gravity. 


Ak^ifaol, 


Pea  GBffT. 

{B^  volume^  JciSo  to  50.40 
By  weight,  25.59  to  41.96 


Oi^iS  to  0,9646 

38.90  io  60.30 
23.75  to  S3  58 


0^116 10  04684 
a^u4o  10  S^*^ 


It  seems,  Ibctefbre^  Omt  thcr?  is  a  great  vamtioQ  tfi  the  strength  of  these 
&|ii0is  fts  ofdinarily  sold;  while  they  sie:  supposed  Io  contain  from  40  to  50  per 
ceoL  df  aftpobol  by  volume,  in  reality  tbey  usually  coniain  from  35  10  45  per  cemt. 
It  is»  therefore,  a  veiy  uncertain  way  of  piesoibing  aJcobol,  to  p^escHbe  way  one  of 
Iboe  beferag^s.  A  much  more  certain  method  ti  to  pttsmbe  atlcoM  of  kno^ni 
^fCwUv  flavof^  with  acetic  ether,  and  softened  with  glycerin  or  sjnip. 

Wines  contain  from  6  to  15  per  cent,  of  aJcoboL 

port  Wine,.-*.-*---..---.-. i6v6a  to  j^.i  per  ccnt- 

SbeiTj  ** ,.,,, ....,i6jOO  to  25^      *• 

Bardeai»,  Red«... .,--- -.--..,,„  6J5  to  iixj      •' 

Whii^---. ----.-- ii^ootoiCo      '* 

Champagne;,. - , *---  5-801013*0      *' 

COMPOSITION  or  FORTIFIED  WINES.     (Ditpfe.) 


£iStnct««  ---- 

GlueiQie,---, ..-.--■.... 

Wimal  maiteist --- 

Addjtj  {si  lajiaric  acid), 
Pbosplioric  acid,... 


o,9C)79 
17^70 

0.53 
0.0J5 


Maocixa. 


0.993^ 
177s 

435 

OS4 

0,043 


033 
o.otS 


The  foUewii^  table  b  taken  horn  Fresennis  and  Borgm&nn^  and  shows  the 
ef«ilge  cocnpofiltion  of  cerUin  pure  wines  in  gtams  per  100  cc : 
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Majdmum,  .-,*.. 

Minimum,, 

Average,  .,....-. 
Extract,  .-.-..-***... 
^  AI  incral  mailers,-  -  -  - .  - 

VAddity, 

Giyterinj,*. .._ 

Sulfihuric  acid,  SO,,  .- 
Phosphoric  add,  Ffi^ 


REtJ 


9  SI 
9-49 
9'SO 
3.00 

0-33 
0.58 

1-19 

0.076 

0^5 


WttlTK 

Main. 


10.15 
8.90 

^43 

0.19 

0.69 

t*io 

0.044 

0.039 


BocEs. 


10,39 

8-77 
2.32 

0«32 

0.63 
0.92 
0.047 
0.040 


9.S4 

9^05 

9-44 
^54 

0.16 
0.62 

0-94 
o.oi7 

0*034 


K££) 


932 

r^ 

8.56 

244 

oas 

0.54 

0.86 

0.013 

0.027 


8.7» 

7.04 
8.08 

2-11 

O.I& 
0.79 

0.012 
0-047 


Beers  and  poHers  contain  from  i  to  to  per  cent,  of  alcohol;  airerage,  about 
4  to  5  per  cent,  by  volume.  The  average  of  cxtraclive  matters  (dextrin*  cellulose, 
sugar,  lupuUn,  and  hop-resin)  b  4  to  15  in  ale,  4  to  g  in  jjorter*  and  about  5  per  cent, 
in  beer-  All  alcoholic  beverages  are  subject  to  gross  adulterations.  Anifioal  bcv* 
erages  are  f req  uen  tly  sold  m  a  iT  markets . 

The  following  table  gives  the  average  compodtion  of  malt  liquors  (AUen): 


Pilsen  L^igerj *..... 

llan< >virkm  Lager  (average of  20 samples), 
AnuM  kan  Lager  (average  of  ig  samples),  ,- 
Ba>^s's  Pale  Ale, .  ...«......>...>..>..... 

Als(  ip's  Pale  Ale,, . .,...,.,., ,,-,*. 

Quiuv'^'s  Stouti ,  -  - 


Dublin 
Muniih  Lagiefi 


St.  Gm. 


1,013 

1.017 

1.016.3 

1.013,8 

1.014.4 


1.1244 

1. 02 1 


Alco- 
hoLh 


S^55 
4.01 
2,7s 

6-37 
6,66 

5*05 
$•$<> 
4^75 


Solid 
MATTUtOK 

ExTiAcr. 


5-^5 
634 
6,05 
6.98 
444 
7-^4 
548 
8.71 
708 


Flt££ 


o.t2 
0.14 
0.34 
0.20 
0.23 
0.18 
0.15 


Asau 


0.20 
P.24 


r 


I 


4 


Propyl-alcohol,  oi*  ethyl-carbinol,  QH^OH,  is  found  in  the 

later  portions  of  the  distiikte  in  rectifying  crude  alcohol.  Its  sp.  gr. 
is  0,82,  It  boil,'5  at  97.5°  Cx  {207.5°  ^ )-  ^'  ^^Y  ^^  separated  from 
its  mixture  with  water  by  saturating  it  with  CaCIjj  which  absorbs  the 
water  and  allows  the  alcohol  to'separate  as  a  layer.  Wlien  oxidized, 
it  yields  propionic  aldehyde,  diHaOH,  and  propionic  acid,  C^- 
COOH. 

Isopropyl    Alcohol,    Dimethyl-carbonyl,  pfj  ^CoH 

known,  ^J 

Butyl-alcohols.— QHuOH.    There  are  four  butyl-alcohols  known.  H 


also^^ 


D_< 


ALcomns. 


$MM 


btityl-alcobol  of  fermentatioQ  Is  formed  in 
alcobolic  Cennentation  of  sugars.     Il  nmy  be  oliteiBal  bf 
fractional  disiilktioD  of  the  b^vier  portioi^  that  ome  oivr  at 
end  of  tbe  distUktion  of  the  nmsh.    It  is  a  oolorlesi  fiqiniy 
at  ii6P  C.  (24oM°  F>}.    It  IS  more  poisoDOus  tfaas  cdnrl-  or 
akofaot 

Amyl-alcoliol,  Fusel  Oil,*  Potato-spirit,  IsotNttTl-^rinDL —  < 
CgHuOH.    There  are  ei^t  possible  ikt^>retkat  amylic  alcobob,  al  of 
wbjcb  aie  known: 

CH,    CH,    CH,    Of  J    CH,  *  OH 
Nofnul  AmyVk  Aksket,  m  fine^Mj  Am]^  JUoaiaL 

CHg 

C3rC    CHj'CHpH 

H 

IiEibu  tri-cutitiKiL 

H  Ofl 

CH,-CH,-C'CH,-CH^ 
OH 
OH 

CH, 

bjrl^cfafl  eufetDot,  AiBTleac  Hrdrale. 

CH, 
CHj  .  C  .  CH,  .  OH 
CH, 

Of  tbese  compoundi  the  only  ones  of  interest  are  isobutyl-carbiiiol 
and  amylene  hydrate. 

Amyl-alcobol,   isobutyl-earbinol,    alcohol    amylicum    (Br), 
C»H,iOH^    is    formed    in    small    quantities   at   the    same  time   with 
^yl  alcohoL,  daring   the   fermentation  of  barley-^  com-,   and  espe- 
lOy  potato-mash.     It  is  prepared  from  the  residue  left  in  the  still 
fter  the  comnioii  alcohol  has  been  distilled  off.     The  product  oimijig 
at  ij2^  C-  {269**  F-)  is  that  collecicd. 


CH,jCH,C-CH, 

CR-OH 

OH 
CH,C-C:(Ciy, 
H    H 

U€lh] 


>  Fttid  eil,  properly  if»ralciog,  ts  a  mixture  of  several  alcohok,  of  whicli  aniyi^ 
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It  is  a  colorless,  oily  liquid,  [jossessing  a  peculiar,  irritating 
which  excites  coughing,  and  a  burning  taste.  It  k  not  miscible 
water,  but  mixes  in  all  proportions  with  alcohol  and  ether  It 
good  solvent  of  certain  alkaloids.  Taken  internally,  both  in 
form  of  vapor  and  when  taken  by  the  stomach,  it  acts  as  a  poison, 
producing  dizziness,  headache,  and  iniojci cation.  Much  of  the  un- 
wholesomeness  of  imperfectly  rectified  spirituous  liquors  arises  from 
their  contamination  with  fusel  oiL 

The  principal  uses  of  fusel  oil  are  in  the  preparation  of  varnish, 
and  as  a  source  of  amyl-csters»  which  are  used  extensively  to  prqtare^ 
artifldal  ila\oring  extracts.    Thus,  the  acetate  has  the  odor  of  pears,™ 
and  is  used  by  confectioners  under  the  name  of  "pear  oil,"  while 
the  valerianate  is  used  to  give   the   flavor  oC  apples,  and   is  called 
"apple  oU.''  M 

Amylene  Hydrate,  or  Dimethyl-ethyl-carbinoL— CHj ,  CH^ .  -" 
COH  ;  (CHs)a.  WTien  amyl-alcohol  is  heated  with  ZnClj,  amylene, 
C^Hio,  is  formed;  this  combines  with  liydriodic  acid  to  form  amylene 
iodide.  This  iodide,  when  treated  with  AgjO,  gives  tertiary  amylic 
alcohol,  or  amylene  hydrate.  This  is  a  colorless  liquid,  boiling  at 
loS^  C,  (526.4°  FOt  ^^'ith  a  peculiar  odor  resembling  menthol  It  Is 
soluble  in  eight  parts  of  water  and  freely  soluble  in  alcohob    jt  h^ 

^bggJl__egTJ2loycdj     in_jlQa£iL_of_J^^nty_   tn     t^eMj^j\!&>-'|^¥fcUlj^^_^^^ 

hypngti£;j 

Among  the  higher  monatoTiiJc  alcohols  the  following  arc  of  interest: 
CeCyt -alcohol,  CmH^aOH;  formerly  termed  ethal,  h  obtained  by  saponifying 
spermaceti  (cctarcum,  U.  S.  P.)^  which  consists  of  palmilate  of  ceiyL     Spermaceti 
is  a  solid,  crv'stalUzed  fat  accompanying  sptrm-oil,  in  the  head  of  ih**  spertn-wbak- 
Ceryl-alcohoL  C-jH^OH,  is  obiaincd  in  the  same  manner  from  Chinese  wmx 
MetlssyUalconol,  C^H^OH,  is  obtained  from  that  portion  of  beeswax  soluble 
in  alcoholj  which  is  composed  of  melissyl-palmitate.      Yellow  wax  (cerm  flftva, 
U*  S,  P.)  and  white  wax,  which  is  bleached  by  exposure  to  moist une,  air,  and  sttu- 
light,  are  prepared  from  the  honey -comb.     Beeswax  contains,  besides  meHsayl- 
palmitatej  cerotic  acid  and  cerolein.     The  adulterants  found  in  wax  are  parafiin  and 
ceresin.     Both  paraffin  and  cere  sin  reduce  the  me  king  point  of  wax^  which  should 
not  be  lower  th^n  63*3°  C.  (146°  F*).     Pure  wa^t  will  yield  not  more  than  three  per 
cent,  to  cold  alcohol,  whereas  rc^in,  if  present,  would  be  extracted  by  the  alcohoL 
Both  paraffin  and  ccresin  are  insoluble  In  akohoL 

DIATOMIC  ALCOHOLS  fGLYCOLS). 

These  are  of  little  interest  to  the  physician  or  pharmacist.  They 
may  be  regarded  as  being  derived  from  two  molecules  of  water,  in 
which  one  atom  of  H  from  each  molecule  has  been  replaced  by  a  di- 
atomic radical. 

Glycolj  QH^COH)!,  or  ethylene  alcohol,  is  a  colorless,  trans- 
parent, almost   odorless   Uquid,  less   mobile   than   alcohol,  having  a 
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afnrtctisli  taste,  and  boiling  at  197^  C  (386*6®  F.).  It  mixes  with 
wafeer  «k1  alcohol  in  all  proportions.  It  is  prepar^  by  decomposing 
tlliyleiie  dibromide  with  potassium  carbonate. 

1 1  bfts  DD  pmctlcal  applications  in  medicine. 


TRIATOMIC  ALCOHOLS,  OR  GLYCEROLS. 


\ 


OH 


Glycerol,  glycerm,  glycerinum  (U*  S*  P-,  Br-)^  CaHj-  OH,  was 

(oh 

dticovered  by  Scheele  in  1779,  and  was  called  by  him  the  sweet  prin- 
ciple of  oils.  It  is  prepared  on  a  large  scale  from  the  neulral  fats, 
as  a  side-|>roduct  in  the  manufacture  of  soap  and  candles.  These  fatty 
bodies  are  tt>mposed  of  fatty  adds  in  combination  with  glyceryl, 
rjHj,  ihe  radical  of  glycerol — 1.  c,  they  are  esters  of  the  fatty 
«od$  and  glyccryL  On  treating  these  esters  with  alkalies,  a  salt  of 
the  alkali  with  the  acid  is  formed,  termed  a  soap;  the  glyceryl  is  set 
(r«  by  the  re;iciion  and  remains  dissolved  in  the  water  present. 
Thi*  process  of  decomposing  an  ester  into  an  alcohol  and  acid, 
cr  »ll  of  the  acid»  is  called  saponification.  Neutral  fats  can  also 
be  saponi^cd  by  treating  them  with  superheated  staim^  which  is  the 
proccii*  now  usually  employed  in  candle  factories.  The  glycerol  is 
fpred  ffixn  the  water  by  evaporation,  and  finally  by  distillation  with 
the  akl  of  suj>erhciited  steam.  Glycerol  is  also  formed  during  alco- 
bolic  fermentation,  and  is  found  in  wnn^,  etc.  It  is  a  colorless, 
^mtpy  Bquid,  possessing  a  sweetish  luste  and  no  odor.  Its  density  is 
i^  at  15*5^  C  (60**  F).  The  official  glyceriniim  has  a  density 
of  not  ksfi  tliaii  1.24*^  at  35°  C  (77"*  F)-  It  is  soluble  in  all  propor- 
fioiB  'm  water  and  alcohol,  but  not  in  ether.  It  is  hygroscopic,  and 
afaaortis  water  readily  until  it  has  absorbed  twice  its  own  volume.  Its 
rmo^  of  solubility  is  large.  (See  appendix.)  WTien  heated  in  air,  it 
baik  at  ^90'  C.  (554°  F,),  and  distils  with  partial  decomposition. 
At  kiw  tcmfjcraturts^  it  forms,  under  certain  circumstances*  a  cr)'stal* 
Kne  masL  When  heatcfi  in  the  air  to  a  high  temperature,  it  \i\k^  fire 
afid  barna,  leading  no  residue*  Boric  acid  imparts  a  green  color  to 
iii^  fiamev  fir  10  a  itimc  direcictl  u[x>n  n  platinum  wire  moistened  with 
it  This  ii  one  of  the  most  convenient  tests  for  boric  acid.  Chemi 
calljr,  riyccml  15,  as  abiwe  staled,  a  triatomic  atrnhol— f  e,,  it  am 
laioi  taiee  hrdTO^l  groups.    When  o^idi^,  it  yields  glyceric  acid, 

rooH 

CJUf^  oil      It   U  capable,  in  certain  drcumstances,  of  undergotng 

(oh 


3^4 


HEDICAL  CHEinSTRy, 


fermentation  with  yeast,  prcxlucing  ethyl-akohol,  propyl-akoholi 
butyric  and  caproic  adds.  It  unites  with  the  alkalies  and  alkaline 
earths,  the  compounds  being  soluble  in  water.  It  prevents  the  pre- 
cipitation of  copper  hydroxide  by  sodium  or  potassium  hydroxide, 
and  has  been  recommended  for  this  purpose  in  the  preparation  of 
Fehling's  test  solution  for  glucose.  * 

Glycertjl  Is  sometimes  adulterated  with  glaco&e^  cane^tigar  synip,  and  water. 
The  6j^t  of  these  will  usually  be  easily  detected  by  adding  a  solution  of  sodiutn 
hydroxide  (caustic  soda)  and  enough  copper  sulphate  to  impart  a  blue  color,  and 
boiling  for  a  few  minuttrs,  when,  if  glucose  be  present »  red  cuprous  oxidt  will  be  pre- 
i  ipiiatcd.  The  presence  of  water  may  be  detected  by  lakiiig  the  specific  gnndty, 
wiiicli  should  not  be  below  1.35*  Glycerol  is  the  basis  of  the  manufacture  of  nitro- 
glycerol,  used  iti  yarious  fornjs  of  blasting  agents,  sucIj  as  *' dJictittt,'^  "dytmmiif^" 
**giani  ptrwdtr**  ^*  rcnd-rock,**  etc.,  which  are  usually  composed  of  nitroglycerol  and 
some  porous  substance  in  powder  form. 

When  glycerol  is  saturated  with  caseous  HCl,  and  then  heated  for  several  htMt% 
to  100**  C,  mooQcMor-and  dicMorhydrines  are  fonned. 

Cj^,(OH),  +  HO  =  C,H,(OH),Cl  +  H^O. 
C,Ha(OH),  -h  aHCl  -  C,H,OHCl,  +  2H,0. 

Sulphuric  add  combines  with  glycerol  to  form  glycerosuiphuiic 
acid.  Glacial  or  metaphosphoric  acid  forms  glycerophosphorie 
acid. 

This  acid  is  one  of  the  decomposition  praducts  of  lecithin  and 
protagon,  two  complex  bodies  found  in  nene- substance^  especially  of 
the  brain.  The  acid  itself  has  been  found  in  the  brain,  nerves,  mus- 
cles, yolk  of  egg,  bile,  and  pus.  The  phosphorus  present  in  nerve- 
tissue  probably  exists  in  the  form  of  either  lecithin  or  protagpn,  both 
of  which  contain  glycerophosphoric  acid.  The  esters  of  glycernl  and 
organic  acids  will  be  referred  to  later,     (See  Neutral  Fats.) 


(NO, 

,hJno. 
(no. 


Glyceryl   Trinitrate. — C,Hs  i  NO,      When  glycerol   is   allowed 

NO, 

to  flow  in  a  slow  stream  into  a  mixture  of  strong  nitric  and  sul* 
phuric  acidSj  kept  cold  by  a  freezing  mixture,  and  the  mixture 
afterward  thrown  into  a  large  <5uantity  of  cold  water,  there  sepa- 
rate out  a  heavy^  colorless,  poisonous^  oily  liquid — nilroglycerol 
(nilroglyerine).  It  crj-stalbzes  at  ^20°  C-  ( — 4°  F.);  sp,  gr,,  1,6* 
When  indamed  in  the  air,  it  burns  quietly  and  rapidly;  but  when 
igniteti  by  percussion  *!r  quick  heating,  especially  in  a  confined  space, 
it  explodes  with  terrific  violence,  and  hence  is  much  used  In  blastings 
In  order  to  make  this  explosive  agent  less  dangerous  to  handle,  it  is 
usually  mixed  with^some  inert  powder,  such  as  clay,  diatomaceous 


4 


Ft 

/•5 


earth,  sawdust^  etc,  and  is  then  stM  ymler  die  Bftin 
du^nCf  rend -rock,  and  gjanl  powdCT- 

Spiiitus  glycerylis  nitratis  (U.S.R)  is  a  one  per 
scthitloei  ei  C^(NO  j^,  and  is  used  as  a  hcart-stinitikBi.    It  s  a 
cokniess  Ijqtiid  having  ihe  odor  and  taste  ol  alooboL 


f^ 


TETIUITOMIC  AHB  PEHTATOVH^  ALCOHOLS. 


The  only  tefrato^^ix:  alcohol  of  sufBoeni  import^Doe  to  W  m^o^ji^d  hrm^ 
Cf^irol  or  ph^rdte,  Cjy  OH),,  Ii  occuis  in  mtm  fickros  Aad  a^  la^Mfii- 
amskm  with  or^lLic  add.  as  erythjin« 

FeatatGDlic  alcohols  have  noi  beefi  fcmnd  in  aaums,  bat ; 
piT^parcd  by  the  redacUoD  ol  cerUd  n  penioses,    Tbej  lA  of  sckstifit  J 


HEXATOHIC  ALCOHOLS. 

Ie  the  b^atomic  alcohols  the  six  hydroxyl  radicals  are  tmsiai 
diEercDt  carbon  afoms^  so  that  there  must  be  six  ajtxm 
in  the  nucleus.     This  class  of  alcohols  mclucks: 


Mannitol^ 
Duldtol, 
Sorbitol, 
Rliamno-  liw  tol , 


QH,(OH)r 

C,H^(OHV 
C,H,(OHV 


Mannitolf  Maimita.— This  is  the  sweet  principle  of  manna,  aad 
is  found  widely  distributed  in  the  vegetable  kingdom.  It  Dccofs  in 
ceten%  fungi,  and  £1^ weeds,  in  the  sap  of  the  larch,  the  exuded  »p 
of  the  apple,  cherry,  lime,  etc.,  and  the  exuded  sap  of  Fraxinus  0nms^ 
which  in  the  dried  state  forms  commercial  manna.  It  may  be  pre* 
pared  artificially  by  acting  upon  grape-su^r  with  sodium  amalgsun 
(nascent  hydrogen),  or  by  the  so-called  mucous  and  the  butyric  fer- 
mentations of  sugar- 
To  obtain  il  from  manna^  dissolve  this  in  half  its  weight  of  boiling 
water,  add  some  albumen  to  clarify^  and  Biter  through  cloth.  On 
cooUng,  the  mannite  separates  out.  It  may  also  be  obtained  pure  by 
actrarting  m^Hna  with  hot  alcohol  and  crystallizing.  It  forms  fine, 
spgy  needles  when  uysLdlh^d  from  alcohol,  but  lar]ge,  transparent, 
rhombic  prisms  from  the  aqaeous  sojution.  Ikfannitol  is  ii^tensely 
sweet,  sparingly  sofubk  in  cold,  readily  soluble  in  hot  water  and 
alcohol,  and  insoluble  in  ether.  It  taji  readily  undergo  lactic  and 
butyric  fermentations,  but  oot  alcbhaic  II  combines  with  many 
metaOic  oxides,  and  also  iortaa  a  lar^  nuiiiber  of  compound  ethers. 

^Iild  oxidation  in  preseocx  of  pfattiDinn-black  produces  maiinoi^, 
QH^OCOH)^  the  aldehyde  of  mawtttoJ.  By  further  oxidatjofi  it  forms 
mannonic   acid,   QH^OHyTO .  OH,  and  manoaAKfaaric  add, 


I 
I 


326 


MEDICAL  CHEinSTRY, 


Dulcitol,  Duleite^ — This  isomcnde  of  tnannitol  k  found  in  dulctx 
manna,  &  crysLalUoe  substanrc  from  Madagascar*  It  is  found  in  sevt? rj 
has  been  prepared  from  millL^ugar^  by  treatment  with  sodium  imj 
pFopcriies  oi  dulcitol  resemble  those  of  mannitoL, 

Sorbitol)  sorbite,  is  a  ihlnl  bomeridc  of  mannitol  found  in  r 
berries  and  in  the  plum,  cherry,  apple^  and  jx;ar.  It  forms  small,  colo 
It  has  been  prepared  synihcikallj  from  dextrose.  Rhamno-hexitol  1 
pared  from  rham-nohexose,  C^HijOft* 

Several  of  the  sugars  are  oxid4tion  products  of  these  hexatomtc  aJi 
relations  of  ibesc  alcohoU  to  the  sugars  and  adds  are  as  follows: 


Alcohol.  ALDr.Hvnc- 

Mannitolj  MannosCi 

DulcUolf  Galactose, 

Sorbitol,  Dextrose  I 


Monobasic  Acid. 
Mannonic  Acid, 
G  a  lac  tonic  Acid, 
Gluconic  Add, 


Dlaasic  . 
Manosaccha 
Mucic  Acid. 
Saccharic  Ac 


Levulose  is  Ihc  ketone  of  mannitoh 


THE  CARBOHYDRATES,  OR  SACCHARTO! 

Closely  aliicxJ  to  the  hexatomic;  alcohols  is  a  class  of 
aldehyde  and  ketone  alcohols,  found  widely  distribu 
vegetable  kingdom^  known  as  the  carlx>hydrates.  The 
alon^  vvidi  carbon,  oxygen  and  hydrogen,  usually  in  the  pr 
form  water.  In  rhaninosep7ua>se'and  rlTamno-hcxose  the  ( 
hydrogen  arc  not  in  the  proportion  to  form  water.  Many  oj 
recently  been  formed  by  synthesis,  and  it  now  seems  likely 
distant  day  all  of  these  important  foodstuffs  may  be  arti 
pared.  The  number  of  carbon  atoms  entering  into  the  mol 
from  two  to  nine.  They  are  classifiefl  into  monosacchar 
charids,  trisaccharids,  and  polysaccharids.  A  monosac 
carbohydrate  that,  when  hydroly^ed  by  warming  witli  d 
does  not  yield  any  other  sugar  or  sugars.  They  are  therefore  I 
of  the  sugars.  A  disaccbarid  is  a  carbohydrate  or  sacch 
molecule,  when  hydrolyzed  with  dilute  acids,  splits  into  t 
molecules,  which  may  be  alike  or  ditlerent-  A  trisnccharid 
under  similar  coofhtbn^,  splits  up  into  three  sugars,  or,  at 
three  sugar  molecules. 

The  monosaccharids  or  simple  sugars  are  divided  ii 
groups,  denoting  the  number  of  carbon  atoms  containe 
molecule.^  into  bioses,  trioses,  tetroses,  pentoses,  hexoses 
octoseSf  and  nonoseSj  according  as  ihcy  contain  two,  three 
SIX,  seven,  eight,  or  nine  atoms  of  carbon,  respectively^  in  theii 

CLASS  I.— M0NOSACCIL\RIDS. 
Bioses»—GIy collie  aldehyde,  QH^O,.     Formi^ri  by  oxidation  of  glycol 
Trioses.— Glycerose,  C.^HjO^.     lormcd  ijy  the  oxidaAion  of  glyccroL 
Tetroses.  -Erythrose,  CiHaOj.     Formed  by  the  oxidation  of  enlhrq 
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Pientoses.— Arabtnose,  QH^CX;  atyloee,  QH^O^:  ribose,  QH^CH; 

or  tsodulcitc,  QH,(CHjOi;  fticose,  QH,(CH)  0^,  etc, 
Hexoses,— In  this  group  arc  two  subgr!iups--tbc  aJdehfdes,  or  ftMoaes^  «mi  tl^ 

krtunes*  or  ketOSeB* 

I  Tbr  Aldoses  indude: 

0extros«,  QHaOt.  st^di-su^r,  ar  glucose. 
MAzmose,  CtH|,0^  obtaijted  inm  manoa. 
Gulose,  A  syntbptic  sugar. 
Galactose  I  £mm  invrir^on  of  tactose, 
iTalosef  a  synthetic  sugar. 

'  IthaimKHtiezose,  QH^iCCHJOg,  a  synihetic  sugar, 
tketoses  incfudc; 

r  Levulose^  gr  Enclose,  from  mven  sugar, 
Acrose^  a  ^mhctk  sugar. 
Sorbinose,  Etdid  mouiitaiti-ash  berries. 
Heptoses.— Mamio-heptose,  QH^^Oj,  obtained  from  mamii^e. 

Gluco-beptose,  C.H,,Ot.  obtained  fram  glucose. 
Octo^s*^Miatio*oclose,  QHi^Op,  prepared  from  tnamiose, 

Gluco-octose,  QH^^O,*  prepared  fmm  glucose. 
Ifonoses. — Maxmo-nanose,  C,H|jOj,  prcparrd  from  matifiose. 
Gluco-Qonose,  QHi,0,.  prepom!  from  gjucosc, 

CLASS  n  — DISACCHARTOS- 

I  Ttf]lio«eit  QH^^Oi*  &nd  tetrabioses,  QHi^Ot*  are  unknowii. 
iP&iUMowts,  Ct.HiO,.— Arabmose. 

'^Bex^bloses,    CtJf^Oj,. — Sucrose «   lactose ^  maltose,  isomaitose,    trehalose 
(mycoae),  meuLbtose  (eucalyn).  turmnose. 

t  CLASS  rn.— TRISACCHAMDS, 

Bejcatrioses.— Raffiiu^ef  Of  mcktiiose,  C„HsO,p 
Melezitose,  C^H„Oj,. 
tEtolet 
gmti 
arr  ck 
ibeo 
diSc 


CLASS  rV.— POLl^ACCHARIBS. 

Coder  lliis  dass  are  grtmped  a  number  of  tarbohrdrate^  of  vn^getable  or^o  whose 
tEtolecular  farmube  have  doI  been  deterrnined.     Some  of  them  anr  cnTtaHizabtep  am  i 

«,  fouod  in  geniiati  root,  and  lactosin  fouod  in  M^p-bark,  while  cchere 
arr  Don<rv3taJIixabIe,  To  this  latter  group  beSoE^  the  starches,  the  dextiim,  and 
ihe  ^Uuto^. 


HOHDSACCHAEmS. 
These  ctimpoimds  arc  neutral,  colorless,  odorless,  and  sweettasting 
^es,  easily  soluble  in  water,  insoluble  in  ether,  and  soluble  with 
Scult>*  in  aloohoL 
Being  either  aldehydes  or  ketones,  they  are  easily  oxidized,  and 
therefore  their  alkahoe  solutions  readily  reduce  certain  metallic  salts. 
The  most  charactensttc  reduction  is  afforded  by  Ihe  copper  salts,  aisd 
a  solution  of  copper  tartrate  in  sodium  or  potassium  hydroxide,  known  \ 
as  Fehling's  solution^  i^  used  as  a  test  3uid  for  this  class  of  bodi^. 
Many  of  them  reduce  the  acetate  of  copper  in  a  shghtly  acidulated 
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acetic  acid  solution,  known  us  Barfoed's  reagent.*    The  trioses, 

hexoses^  and  nonoses  readily  undergo  alcoholic  fermentation,  while 

the  pentoses,  heptosesj  and  octoBes  do  not.  ^J 

AlHhe_jnQnosaccharids  grv^e  characteristjc  crvstgllme  precipitates  ^M 
known  as  osazones^whcn  their  solutionSi  sUghtr}'^aaaified~^i^n  acetic^  ^^ 
addj  are  heated  wSSphenyl -hydra  zin,  CoH^NH  ,  NRj.     By  this  means 
they  may  he  separated  from  the  other  classes  and  from  one  another 
and  may  be  identified.     A  number  of  these  compounds  are  optically 
active,  and  may  be  estimated  by  the  polariscope. 

The  trioses  and  tetroses  are  not  of  sufficient  importance  to 
merit  more  than  a  mere  mention. 

The  Pentoses,— The  pentoses  are  sugars  ha\ing  the  formula 
CsHj^Oj,  found  in  many  plants  and  animals,  and  occasionally  in  the 
urine,  A  pentose  has  been  obtained  as  a  decomposition  product  of 
nuclei n  from  pancreas  and  from  yeast.  The  use  of  certain  fruits,  such 
as  pears,  which  contain  polyoses,  caUed  pentosans,  is  followed  by 
the  appearance  of  pentose  in  the  urine.  The  urinary  pentose  has 
been  named  i-arabinose.  It  has  been  obtained  as  a  decomposition 
product  of  several  nucleo-proteids.  The  pentoses,  when  distilled  with 
dilute  hydrochloric  acid,  neld  furfuraldehyde,  or  furfurolj  C^H|OCH0p 
which  gives  a  deep  red  color  with  phloroglucinoL  This  reaction  is 
used  to  detect  them.  The  pentoses  reduce  Fehling*s  solution,  but 
do  not  ferment  with  yeast.  The  pentoses  are  not  assimilable,  and 
when  foods  containing  xylose  or  arabinose,  or  beer,  are  taken,  pentoses 
appear  in  the  urine,  and  may  be  mistaken  for  dextrose. 

The  principal  pentoses  are:  arabinose^  CH30H(CHOH)5CHO, 
prepared  by  boiling  gum  arabic,  cherr>--tree  gum,  and  some  other 
gums  with  dihite  HjSO^;  xylose^  from  wood-gum^  straw,  bran,  the 
shells  of  apricot-stones,  and  jute;  ribose,  rbamnoset  and  fucose. 

Detectton, —  i.  To  the  suspected  liquid  add  an  equal  volume  of  concentrated 
HCI,  or,  if  a  soHd,  treat  with  the  same  arid,  and  then  add  a  fragment  of  onda  or 
phloTDglucin^  and  heat.  In  the  presence  of  pentoses  the  solution  assumes  a  reddish- 
violet  color»     The  same  color  is  also  given  by  glycuTOnlc  atid^  found  in  urine, 

2.  A  better  test  is  the  following:  Prepare  the  reagent  as  follows:  To  500  c.c  of 
a  thirty  {kt  cent.  HCl,  add  t  gram  of  orcin.  and  2$  drops  of  liq.  ferri  chloridi 
(U*  S»  P.).  Boil  4  to  5  c.c.  of  the  reageai  in  a  test-tube  and  add  while  hot  about 
I  cc  of  the  suspected  liquid*  The  presence  of  jientose  giTcs  a  distinct  green  color. 
Glucose  and  glycuronic  acid  do  not  give  this  reaction. 


*  Barfoed^s  reagent  is  composed  of  i  part  of  copper  acetate  in  15  parts  of  water* 
To  200  c.c,  of  thiB  solution  5  t  ►€.  of  aceiic  acid  containing  thirty^fght  per  cent,  of 
absolute  acid  is  added. 
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Tlie  hejooscs  are  cither  aldehydes  or  ketons  of  the  hexatomic 
akxilK>ls;  hence,  are  ojddalion  products  of  these  alcohols.  The  rela- 
ten  of  these  compounds  has  been  given  under  the  hexalomic  alcohols. 
The  aldehydes  are  called  aldoses  and  the  ketones  are  called  ketoses. 
By  treattrtetit  with  nascent  hydrogen,  the  aldoses  and  kctoses  are 
GDHverted  into  the  corresponding  hexatomic  alcohols.  The  following 
pmpbic  formula  show  the  rektion  between  the  alcohols  and  these 


CAlolid). 


a^COH 


d-OhK«e  (Altkti;^), 
0-C«H 

I 
HOCH 

I 
HOCH 

I 
HCOH 

HCOH 

I 
UjCOH 


HjCOtI 

o-c 

HOCH 

I 
HCOH 

I 
COH 

I 
HjCOH 


I 


The  Aldehyde  Groups 

^  Dextrose,  d-GIucose,  Grape-sugar-— CaHi30<j,  This  sugar  is 
widely  dilTust^l  thniugh  ihu  vugcUibit*  kingdom,  occurring  in  grapes ^ 
hgmef,  m  roost  sweet  fniits,  sprouting  grains,  etc.,  usually  mixed  with 
an  €<|tiftl  aiisount  of  levulose.  It  occui^  in  small  quantity  in  the 
Mood*  folk  of  e^s,  and  in  larger  quantity  in  diabetic  urine.  It  is 
iMpirfiictttred  on  a  large  scale  from  corn -starch,  by  boiling  with  dilute 
mlplitjric  acid*  neutralijcing  with  lime,  drawing  off  the  clear  syrup 
sfler  lertling,  and  c^  "  ^-  '♦'■ng  it  down  to  a  thick  synip  and  allowing 
it  to  cn*?^ili/x.     n^  less  sweet  than  cane  sugar,  2 J  parts  of 

thr  forrocr  '  '    ^  TKnver  of  i  part^of  the  litter.     It" is 

womJkim^  liglit  brown  %^anetjcs  of  cane-sugar. 

When  pfe»enl  uj  iuik>itiejal*lc  quantity  (five  per  cent.),  it  may  oft  A 
be  detected  by  it?  pro|>crty  of  mashing  l>etwcen  the  teeth  instead  of 
cniilllQg  like  Gine--*tyg:ir*  Dextrose  ctystalHzes  with  some  flifficulty, 
aodt  as  us^iaIIy  mc-t  with  in  the  market,  it  docs  not  present  to  the  naked 
t^  a  diiitiiict  cnstallinc  ap|>earance.  It  easily  undergioes  oxidalitm, 
dpedally  in  alkaline  s<jluiions,  and  thus  acts  as  a  reducing  agent. 

It  rtadily  reduces  silver,  copper,  bismuth,  and  mercury  salts  in 
Im  alkaline  9Dlutioa<i.  Silver,  if  ammonia  be  |)resent,  is  rcducetl  to 
the  inetaJIic  stale  and  def>c>!^itet]  us  a  brilliant  mirror  on  the  surface 
irf  the  ¥aad  In  which  it  is  heated. 
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The  OTdinary  methods  of  detection  and  estimation  of  dextrgse 

depend  upon  Its  reducing  power.  Fehljng*s  soluLton,  which  h  in 
common  use  both  as  a  qualitative  and  quantitative  t^t  for  dejctrose, 
is  a  solution  of  34*64  gm,  of  pure  crystallised  copper  sulphate,  173 
gm.  of  Rocheile  salt,  and  80  gm,  of  sodium  hydroxide  in  a  liter  M 
distilled  water.  Ten  ex,  of  this  solution  is  exactly  reduced  and  de- 
colorized by  50  milligrams  of  dextrose.  For  qualitative  detection, 
alkaline  solutions  of  copper,  bismuth^  indigo-cannine,  picric  acid,  or 
silver  may  be  used.  Dextrose  is  used  in  krgp  quantities  in  making 
beer. 

Dextrose  readily  forms  compounds  with  metallic  oxides  and  with 
many  salts.  When  heated,  many  of  these  compounds — ^more  particu- 
larly those  of  copper,  bismuth,  and  mercury— are  reduced,  >nelding  a 
precipitate  of  either  the  metal  or  its  oxide. 

Dextrose  readily  undergoes  alcoholic,  lactic^  and  butjTic  fermenta- 
tions. When  it  is  mixed  with  finely  divided  gastric  membrane,  it  is 
rapidly  changed  into  lactic  acid.  There  is  some  evidence  of  the  ex- 
istence of  unorganized  ferments  in  tlie  stomach,  which  can  convert 
lactose  and  dextrose  into  lactic  acid,  and  this  is  probably  the  origin 
of  a  part  of  the  lactic  acid  found  in  the  gastric  contents  during  the 
digestion  of  dextrose.  It  is  an  assimilable  sugar,  though  not  so  readily 
so  as  levulose.  VMien  injected  into  the  circulation  of  a  dog,  the 
greater  part  of  it  passes  undmnged  into  the  urine. 

There  are  three  isomeric  glucoses  known,  dliTcring  slightly  In  physical  proper- 
ties.    They  are  k  nown  as  d-glucosc,  h-glurosc^  and  i-glucose, 

Phenyl-glucosazone. — QHn,04 .  (CjHftNjH)^.  This  compound,  produced  by 
dextrose  with  phenyl  *hydriizin,  occurs  in  ytUow  needles.  It  is  prepared  under  the 
conditions  mentioned  under  hctose,  for  the  piTparatfon  of  phenyl -lactosazone. 
The  formation  of  theiie  crystals  is  employed  as  a  test  for  glucose  in  urine.  To  50 
c.c.  of  the  suspected  urine  add  i  or  a  gm.  of  phenyl  -hydrazin  hydnxzhJoratc,  3  gjn. 
sodium  act!t^te,  and  heat  on  a  water-bath  for  a  half  hour;  or  add  j  o  to  ao  diops  of 
pure  phenyl -hydrazin  and  an  equal  number  of  drops  of  ilfty  per  cent,  acetic  add, 
and  wami  as  before.  On  cooling,  if  not  before,  the  gJucosazone  sejjarates  out  as 
yellow,  cr)'stanine  needles*     This  test  will  detect  0.5  gm.  of  glucose  per  liter* 

%  Galactose,  or  cerebrose^  CaH,aO«,  is  formed,  together  with  dei* 
trose,  when  lactose  and  a  number  of  other  carbohydrates,  especially 
gums  and  mucilages,  are  hydrolyzed  by  boiling  mih  dilute  mineral 
acids.  It  is  also  formed  by  the  decomposition  of  the  glucosidc  cere- 
brin,  found  in  the  brain*  Galactose  is  soluble  in  absolute  alcohol, 
while  dextrose  is  not*  In  reactions  and  behavior,  galactose  resembles 
dextrose,  but  has  a  considerably  greater  roUtory  power.  Galactose 
is  fermentable  with  yeast,  but  less  readily  than  dextrose.  It  is  the 
aldehyde  of  dukitose. 

Mamioie,  QH„Oa,  is  oblained  by  the  careful  oxidatioii  of  mannite,  and  by 
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the  Itjrtinaljw  ot  many  natural  c&rbohydt&lc^  especially  the  cePulose  from  palm- 
OM^  tcgeUble^vQry  nuis,  mc,  by  heating  tliem  with  dilute  HfSO^.  It  k  a  hard, 
Irkiblr  povpcler,  caaDy  sotubk  m  water  and  fermetiuble  with  yeast, 

Tlie  Ketone  Group. 
£  Lerulo&e^  1-Fnictose,  Fmit  Sugar,— QH^O^,  This  sugar 
ciccurs  mixed  with  d-giucose  iq  tlic  natural  sources  of  that  sugar,  men- 
tioficd  above.  It  is  obtained  with  dextrose  in  invert  sugar,  prepared 
hf  hmtitig  cane-sugar  with  dilute  acids.  It  differs  from  dextru^:ie  in 
bnng  less  femientable  and  in  its  rotator)^  power,  which  is  left-handed 
inOeid  ol  right-handed;  the  other  differences  are  of  minor  importance, 
exc^t   sweetening   power,  which   is   greater   in  jhi^   sugir   than   in 
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IS  ra^sily  asstmjiated  when  pure,  and  is  completely  and 
fiuOy  bymed  in  the  body.  Its  use  does  not  increase  the  sugar  in  the 
MTJiif  nl  tftiahetif^.  It  has  been  reccntJy  introduced  as  a  sweetening 
a^ent  for  dia luetics,  under  the  name  of  diabetin.  It  yields  a  com- 
potuxl  frith  phenyl-hydrazin,  identical  with  that  derived  from  dextrose. 
It  farms  a  compound  with  calcium  hydroxide,  which,  unlike  that 
jkUcd  by  de.^trose,  is  extremely  insoluble,  and  may  be  employed  for 
the  separation  of  these  two  sugars. 
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mx  thfttt  ink^tmK%  known,  simikr  to  the  three  glucoses,  one  of  which  19 
tvndime*  known  i$.  a^crose, 

AoQ&mj,  QH^O^  ii  a  synthetical  1  sugar  obtain^  by  Emil  Fischer  from  acn>- 
liia.  CH,  *  CH  .  COU,  an  aldehyde  obUuiM  by  i.Ufkei-bc&tii^  fa  is  or  gtycerin.  It  h 
liMiBtiQf  bom  the  fact  thAt  front  it  manoose,  Uejctroscp  anti  levukoe  have  heea 
wiiitlaltr  p^pat^, 

Ino^i '  f  >4.  2tf^O  »  (CHOI Da.  HjO,  U  optically  inatiive  and  does  not 

f9»it  wi  ,vdra/tii.     It  tKCUrs  s(>aringh'  in  the  human  txi*Jy,     It  has  l»en 

ir  .  miistlc*,  in  diiitM^tJc  urine,  and  in  that  of  Brij^hi's  disease.     It 

m  '  in  the  lunjES,  kidneySt  spleen*  Uvcr«  and  liraln.     It  occurs  in 

*  '   i  1    I ...  ,.r  ....   :   j-it^rblly  in  unn|w  Twiins  frf>ni  which  it  may 
I c  is  its  only  revcmhhnte  to  the  sugars.     It 
kaowhele^tl  „cne. 

Pmm  iisa*itje  for  ■  >crnt,  rhtimbic  tablr**j  or  occurs  in  luftccl  \urn\tA 

of  fiap  crptak^     h  <le  in  water,  &lightly  so  indUute  alcohut,  und  tn* 

I  or  fAfbllli  QH„Og»  is  found  In  Hpe  mounuin^sh  berHe^     It  is 
I*.     If  ii  terjf  iwcct,  and  easily  soluble  In  water.     It  crptallizes  in 
WA  i^MibfeiTyitak. 

J     DISACCHARIDS. 

These  sujjars  form  an  itnporiant  cLisi^  of  bodies.  They  are  all 
oipAhle  ol  hydmlysi*  by  dilute  acids  and  certain  ferments,  yielding 
111  wnnaccim  fid  fi 

This  pfix««#  is  allied  inversion*  Cane  stigar^  when  inverted,  giv«*s 
dotlTDK  and  IcvulasCi  bctt>.*ie  gii  cs  dextrose  and  gabictnsi*,  and  malt^jhi^ 
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gives  dextrose  only.    Cane-sugar  and  lactose  are  not  fermentable,  wWle 

maltose  is.    Cane-sugar  does  not  reduce  FeUing's  solution,  while  the  / 
others  do.  ^^ 

None  of  these  sugars,  when  pure,  reduce  Barfoed's  reagent,  ^  y  *^ 
_^4  Cane-sugaTj  Saccharose,  Sucrose,  Sacchanim  (U.  S.  P,,  Br#), 
— Cane-sugar  occurs  In  the  juices  of  many  plants,  hi  most  sweet  fniits, 
in  the  nectar  of  flowers,  and  in  honey*  It  is  found  iJi  large  quantity 
in  the  juic^  of  the  sugar-cane  (Saccharitm  officin^irum)^  m  sorghum 
(Sorgo  saccharatum)f  in  beet-root,  sugar-maple^  and  in  several  species 
of  palm.  It  has  also  been  prepared  synthetically  by  combining  dex- 
trose and  levulose. 

Sugar  is  obtained  principally  from  sugar-cane,  beet-root,  sorghum, 
and  the  maple,  while  some  attempts  have  been  made  to  obtain  it  from 
the  common  maize. 

Manufacture* — The  juice  of  the  sugar -ca tie  is  expressed  by  passing  the  stJilks 
between  steel  rollers,  Tliis  juice  h  then  minted  wrth  milk  of  lime  and  heated 
to  boilljig  to  precipitate  the  coagulablc  mate  rials,  phosphates,  etc,  TH^e  are  rr* 
moved  and  the  clear  liquid  is  treated  with  COj  to  remove  the  lime,  and  then  H  is 
evaporated  in  vacttum  pans  under  a  reduced  pressurci  to  ii  thick  syrup,  and  then 
left  to  cry-^tallize.  The  "raw  sugar**  thus  obtained  is  drained  from  the  "nnolher- 
liquor/*  which  is  further  evaporated  and  again  left  to  ciystallize-  There  k  finally 
left  a  thick,  hrown  liquid,  called  molasses  or  treacle,  containing  uncr^'statlLzable 
sugar.  In  the  manufacture  of  sugar  from  sugar  beets,  which  has  in  recent  j^eais 
hetome  an  enormous  Induatryi  the  beets  are  washed  and  cut  into  thin  slices  or  a 
pulp.  This  pulp  is  put  into  a  series  or  "  battery  **  of  large  iron  tanks  so  connected 
by  pipes  that  water  may  be  run  in  a  slow  stream  from  one  end  of  the  batten^  to  the 
other.  The  sugar  is  thus  extracted  by  diffusion.  The  sugar  solution  running  from 
the  last  tank  of  the  battery  is  ihen  treated  in  much  the  same  manner  as  &€  ex* 
pressed  juice  of  the  cane* 

The  raw  sugar  is  refined  by  dissolving  it  in  water,  adding  lime,  and  filtering 
through  thick  layers  of  bone-charcoal  to  remove  the  color*  It  is  then  evaporated 
in  vacuum  pans  and  allowed  to  cr>'siallij!c, 

i  Properties. — Pure  cane-sugar,  when  allowed  to  crystallize  slowly 
from  a  concentrated  solution^  without  agitation,  fortns  large,  trans- 
parent, motioclinic  prisms,  such  as  are  seen  in  rock-candy.  It  is  solu- 
ble in  one-third  its  weight  of  cold  and  in  all  proportions  of  hot  water. 
It  is  slightly  soluble  in  weak,  but  almost  insoluble  in  absolute  alcohol 
It  melts  at  160*^  C,  (320°  F.),  and  solidifies^  on  cooling,  to  an  opaque, 
crj^stalline  mass,  called  "barley-sugar,'' 

The  rotatory  power  of  sucrose,  in  solutionp  is  taken  advantage  of 
for  its  quantitative  determination* 

When  cane-sugar  is  boiled  with  dilute  sulphuric  acid,  it  takes  up 
water,  and  is  converted  into  a  mixture  of  dextrose  and  lev^ulose,  called 
invert- sugar. 
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The  same  change  takes  place  under  the  tuflnence  ci  jssi,  or  of  tl« 
soluble  ferment,  invertin,  contained  in  iL    When  bdsxd  abcyre  its 
indting  point  it  gives  ott  water,  turns  dark,  afid  forms  a  bitter,  bnum, 
t  amorphous  sjubstance  called  caramel,  or  buimt  sugar.    A  coiorii^ 
substance  called  caramel  browB,  or  soct€  couleor^  is  amAt  iwm 
sugar  partly  decomposed  by  heat.    This  is  u^ed  lor  colorti^  leather, 
,  rum,  whisky,  beer,  wine,  etc.    It  is  geneiuUy,  howcfea^  D^e  from 
i  glucofse.    At  a  hfgber  temperatuiie  sugar  contunjcs  to  lose  water,  de- 
[compose,  and  gives  off  itiiammable  gas^,  a>Bsa5tiB^  of  musb-^ts 
[and  carbon  monoxide  and  dio^dde.     At  a  hj^ier  tempoatitie  a  didil- 
I  lite  is  obtained,  containing  aldehyde,  acetic  add*  acetone,  etc-    Strong 
suipburic  add  chars  sugpx,  leaving  a  blacky  volumiiious  niass,    DQute 
nitric  acid  oxidises  cane-sugar  to  sacdiaric  add,  then  into  tartaiic, 
and,  finally,  oxalic  add.    A  mixture  of  concentrated  nitilc  aBd  sul- 
phuric adds  forms  with  sugar  a  nitrate,  C,jH^Oij(NOj)^,  whidi  is 
amorphous  and  very  explosive.     On  heating  sugar  with  sulphuric  add 
and  manganic  oxide,  a  large  quantity  of  formic  add  15  formed.     Cane- 
sugar  forms  a  series  of  metallic  compounds  called  sucratas  or  sac- 
charates.      An  aqueous  solution  of  sugir  will  dissolve  caldum, 
barium,  magnesium,  and  lead  oxides,  and,  with  an  alkaU^  coffer  and 
ferric  oxides  also.    The  barium  salt  crystallizes  welL 

UTien  cane-sugar  is  injected  into  the  blood-vessels  of  an  animal,  it 

is  eUminated  in  an  unaltered  condition,  and  is  thus  shown  to  be  un- 

assimitated.     It  may  be  introduced  in  large  amounts  by  the  alimentary 

canal,  and  none  of  it  appears  in  the  urine.     From  this  it  appears  that 

it  undergoes  a  change  during  or  before  absorption.    This  change  is 

the  result  of  the  action  of  soluble  ferments  appearing  in  the  small 

intestine.     Cane-sugar  readily  undergoes  lactic  fermentation  in  the 

presence  of  sour  milk,  to  which  zinc  oxide  is  added  for  the  fixation 

of  the  add.     It  does  not  form  a  compound  with  phenyl-hvdrazin.  and> 

by  this  test  it  may  be  distinguished  from  the  other  sugars. 

\      Lactose^  Hllk-sugar,  Saccharum  Lactts  (U.  S.  P-,  Br,). — l^ 

Htfin  *  ^O*    This  is  an  important  in^edient  of  ihe  milk  of  mammals, 

Land  is  prepared  principally  from  cows*  milk,  by  evaporating  the  whey 

ifter  remonng  the  curd  for  the  manufacture  of  cheese.    Cows'  milk 

Jcontains  about  4.5  to  4.9  per  cent,  of  sugar,  while  woman's  milk  con- 

llain-^  from  6  to  7  per  cent.    It  crystal lixes  in  large,  hard  prisms,  has 

feebly  sweet  taste,  and  is  soluble  in  6  parts  of  cold  water.     Yeast  docs 

not  ferment  it.     Lactic  and  butyric  fermentations  take  place  readily. 

Dxidizing  agents  }ield  mucic  and  saccharic  adds.     Like  cane-sug^r, 

[it  forms  compounds  with  metallic  oxides,  and  reduces  alkaline  copper 

dilutions.  I 

Ten  tx~  of  FehUng's  fluid,  which  Is  reduced  by  50  miUigrams  of 
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glucose,  is  reduced  by  6.7  milligrams  of  lactose*  II  does  not  reduce 
Barfoed's  reagenL  \\^en  boiled  with  dilute  mineral  acids  it  yields 
equal  molecules  of  dextrose  and  galactose,  which  are  fermentable. 

Pure  lactose  is  not  affected  by  yeast.  Milk  is  capable  of  alcoholic 
fermentation  under  the  influence  of  certain  fermentii.  This  has  Ijeeo 
employed  from  the  earliest  times  by  the  inhabitants  of  Russia  ami 
Asia  Minor  in  the  preparation  of  koumiss  and  kefyr  from  mares' 
milk.  In  recent  years  these  fluids  have  attracted  much  attention  for 
their  supposed  therapeutic  virtues.  Very  little  is  known  of  the  real 
nature  of  the  changes  which  occur  in  this  fermentation,  Kefyr  fer- 
ment is  a  commercial  article  In  Russia,  Austria,  and  even  in  this  conn- 
tr>\  Lactose,  when  injected  into  the  bkxxl- vessels,  appears  unaltered 
in  the  urine.  It  also  sometimes  appears  in  the  urine  in  the  early  months 
of  lactation  or  during  reabsorption  of  milk,  after  w^eaning.  It  is,  there- 
fore»  non-assimilable.  But  when  taken  in  the  alimentarj^  canal  it  Is 
perfectly  assimilated.  It  has  not  been  observed  to  undergo  any  change 
in  the  alimentary  canal  under  the  action  of  any  of  the  secretions.  Hence, 
the  change  probably  takes  place  during  absorption  ih rough  the  intes- 
tinal walls,  as  in  the  case  of  maltose.  When  admitiisteretl  in  Uirge 
doses  lactose  acts  as  an  active  diuretic  Milk  loses  this  diuretic  effect 
on  being  boiled.  Lactose  forms  phenyl'lactosazone  wi'th  phenyl- 
hydrazin.  i 

Maltose^  Malt-sugar .r-Ci^H^Ou  .  H^O*  This  sugar  is  formed 
by  the  action  _of  malt -diastase  upon  starch.  It  may  also  be  formed 
i^.t^M  Tjy  the  action  of  dilute  acids  upon  starch-paste,  but  in  this  case  the 
i  u*  maltose  is  itself  converted  into  dextrose.  It  has  also  been  produced 
**^^jj^. synthetically.  This  is  the  chief  sugar  formed  by  the  action  of  saliva 
^  J  and  pancreatic  juice  upon  starch-paste  or  gl^xogen,  being  accompanied, 
in  the  case  of  pancreatic  digestion^  by  a  variable  but  distinct  amount 
.  of  dextrose.  Maltose  is  very  soluble  In  water.  It  is  also  soluble  in 
alcohol,  but  less  so  than  dextrose*  It  crystallizes,  with  difficulty,  in 
fine  needles.  It  is  not  easy  to  distinguish  from  glucose  by  qualitati\*e 
tests*  Its  rotator)'  power  js  -f- 140^  while  that  of  dextrose  is  53,5  under 
the  same  conditions.  With  Feb  ling's  solution,  the  amount  of  Cu^O 
which  separates  is  only  about  two- thirds  of  that  which  would  be  re- 
duced by  an  equal  weight  of  dextrose,  or  6.6  parts  of  dextrose  reduce 
as  much  copper  as  10  parts  of  maltose.  Barfoed's  reagent  is  not 
reduced  by  maltose,  while  it  is  by  dextrose.  In  this  respect  mal 
tose  resembles  lactose,  and  this  test  senses  to  distinguish  it  from 
dextrose. 

Maltose  forms  with  phenyl-hydrazin,  in  the  presence  of  acetic 
add,  phenyl- mal tosazone,  Ci3H^Oy(C6HsN2H)3.  If  maltose  be  in- 
Jected  into  the  blood-vessels  it  appears  unaltered  in  the  urine.    To 
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be   mssimilable    it    must,    therefore,    be   diangad    before   or   dunng 
absorptioa. 

lao-maitose,  C^„Oj|»  Is  formed,  along  with  tualioae,  bjr  ilie  ftctkm  of  ifisuinr 
upi>Ei  Starch,  4ind  by  the  prolonged  action  of  Srtrotig  bjdiochlork  add  ttfioii  dcEtitae. 

It  h  found  in  commercial  glucuse  a^ml  in  maJt  bcvcj^gcs.     It  i     ' 
tatioQ  with  difficulty.     It  Ls  intensely  sweeL 
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THE  POLYSACCHARIBS, 

To  this  group  belong  a  large  number  of  caifiofiydfates  of  kfdi 
molecular  weight,  generally  inaoluble  in  cold  w^ater,  not  diffiuiible^ 
and  by  hydrolysis  ^ithadtls  split  up  mto  dextnm^  djsacdiaridjs,  agd 
fipally  moDogaccharids-  The  molecular  wdgbu  are  Dot  definitely 
known^  but  by  applying  Raoult's  method  (p.  309)  Brown  and  Monis 
found  the  probable  molecular  wcigjht  of  dextrin  to  be  {C^H^OJi^ 
and  that  of  soluble  starch  {QH^OJ^  By  iJic  same  method  mal 
of  glycogen  is  (C^H^OJ,^. 

The  pniidpal  subgroups  of  the  polyfiatcharicis  are  the  itarch 
group,  the  cellulose  gnn^*  aM  the  gum  group. 

The  starch  group  iiKliides  itaidip  tnulin,  licbenin,  and  gly- 
cogen. 

The  cellulose  g^up  indndcs  ccUuloiei  the  bemJcellnXciseSp  and 
ttmicin* 

The  gum  group  indudcs  the  dejctrii]%  the  vcfetable  gimts  and 
mucilages,  and  ■fltmal  giima* 

Staixh,  Amylum  (U,  S.  P.),--<CtH^Oi)..  Tliii  body  is  found 
in  nearly  all  plants,  1 1  is  mo^t  abundant  in  the  cercaky  liof,  potatoes, 
and  the  seeds  of  plants.  Standi  occurs  in  the  form  c4  microiOOfiiGaJ 
granules  tndosed  in  iJtm  cdb  of  the  plant  wiiere  tb^  oecur,  vtT>* 
much  as  ^t  occurs  In  adjpo§e  tissue.  The  granules,  esamified  under 
the  microscope,  are  seen  to  be  ponpriffrd  of  a  distinct  origaiitiQed 
structure,  irhich  is  diiereni  in  eacb  diffmat  kind  of  Hardt  Thejf 
show,  under  the  miciQocaope,  feveral  a^ncentiic  mukit^, 
afound  a  nudeii%  or  litlnni«  wliidi  is  ^tuated  neater  our  edfe; 
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sizes  and  marldngs  of  the  starches  £R>m  the  various  sources  vaiy 
sufficieDtJy  to  admit  of  id eniifi cation.  This  is  an  important  fact  in 
the  detection  of  adulterations  in  food  and  drugs.  The  appearance  of 
a  number  of  the  starches  of  the  market,  as  seen  under  the  microscope, 
are  sho'^'n  by  the  plate  on  page  336. 

Starch  b  prepared  by  grinding  the  grain  or  vegetable,  and  then 
suspending  it  in  water,  or  spreading  it  on  a  sieve  and  running  water 
upon  it.  By  this  means  the  starch -granules  are  washed  out  of  the 
cells  and  remain  suspended  in  the  water.  This  milky-looking  liquid 
is  albwed  to  setde,  when  the  starch  falls  to  the  bottom.  This  sedi- 
mcnt  is  taken  out,  dried,  and  sent  into  the  market,  Amylum  (U,  S.  P.) 
is  cornstarch, 

WTieai-starch  is  often  preparol  by  suspending  the  ilour  in  water 
and  allowing  it  to  stand  until  the  gluten  is  dissolved  by  putrefactive 
fermentation,  when  the  starch  may  be  washed  and  dried. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether.  Heated 
with  water  to  a  little  above  60"^  C.  (140^  F.)*  the  contents  of  the 
granules  sw^ell  up,  burst  the  envelopes^  and  escape  into  the  water*  It 
app^rs  at  first  as  a  ver>'  fine  |:>owder,  but  aftervi^ard  disappears  and 
fcHtns  an  apparent  solution,  which,  if  concentrated,  forms  a  jelly-like 
mass  on  cooling,  called  starch-paste.  On  long  continued  boiling, 
starch  becomes  soluble  dextrin.  The  same  change  is  produced  by  a 
dry  heat  of  100**  C-  (212^  F.)^  by  diastase^  or  by  dilute  sulphuric  acid. 
With  diastase  it  soon  pass^  into  the  form  of  dextrin  and  maltose.  It 
forms  metallic  compounds  with  lead,  calcium,  and  barium  oxides. 
Soluble  starch  is  precipitated  by  alcohol  and  by  solutions  of  subacetate 

Starch  dissolves  in  cold,  concentrated  nitric  add;  on  the  addition 
of  water,  xyloidin,  a  white  powder,  separates.  The  most  character- 
istic  reaction  of  starch  is  the  dark  blue  color  it  forms  with  free  iodine. 
Thb  blue  i*:«lide  of  starch  is  easily  decomposed,  and  dissociates  when 
the  solution  is  heated,  but  reforms  on  cooling. 

- —  Glycogen. — (C,H^oOj)„.  This  substance  resembles  starch,  and 
occurs  in  the  liver  of  man  and  other  animals,  in  the  embr^-o,  yolk  of 
egg,  and  some  mollusks.  It  di&st^hes  in  cold  water  to  an  opalescent 
solution,  but  is  insoluble  in  alcohol  and  ether.  In  many  of  its  prop- 
erti^  it  resembles  dextrin.  Its  solutions  are  dextrog\rate,  A  diet 
ridli  in  starch,  sugar,  inulin,  glycerol,  albumin  of  egg,  fibrin,  and  casein 
causes  »n  increase  of  glycogen  in  the  liver;  while  inosite,  querdte, 
nmijiite*  gums,  and  fats  do  not.  Violent  exercise,  prolonged  starva- 
tioiit  or  fc%ers  decrease  the  glycogen.  Glycogen  of  the  liver  is 
readily  changed  to  acroodexlrin.  maltose*  and  dextrose  either  by  a 
peculiar  diastasic  ferment  found   in  the  liver,  or  by  the  liver-cells. 
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Iodine  gives  a  reddishbrown  color  with  both  dextrins  and  glycogen; 
but  the  cojor  returns,  with  the  latter,  after  discharging  it  with  heaL 

Glycogen  may  be  prepared  from  the  liver  of  an  anitnal,  previously  fed  with 
copious  meals  of  carbohydrates,  by  ctitnng  it  in  small  pieces  and  throwing  them 
into  an  excess  of  tfoiling  waler^  using  about  400  c-c  to  500  ex.  for  100  gm,  of  xhc 
liver*  After  boiling  for  a  short  time,  the  pieces  are  removed  and  gitaiitid  in  a  mortar 
10  a  fine  powder,  mixed  with  sand  or  powdered  glass,  and  boiled  again  for  same 
lime-  The  fluid  is  rapidly  cooled,  and  the  proteids  precipitated  with  double  iodid« 
of  mercury  and  potassium  with  acetic  acid.  The  solution  is  filtered,  and  the  gly- 
cogen precipitated  by  the  addition  of  two  volumes  of  strong  alcohol,  when  it  niaj  be 
separated  by  Eltrmtion  and  washing  with  absolute  alcohol  and  elhcr*  Glycopi^ 
when  puie,  is  an  amorphous,  white  pjowder,  readily  soluble  in  watej. 
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The  Cellulose  Group* 

Cellulosep— (CelijoOs),.  This  forms  the  prindpal  part  of  the 
framework  of  plants.  The  pure  substance  may  be  prepared  by  treat* 
ing  raw  cotton  or  linen  fiber  with  potassium  hydroxide,  acids,  and 
ether,  to  remove  foreign  matters.  It  is  a  white  solid,  ejthibiting  the 
structure  of  the  fiber  from  which  it  is  obtained .  It  is  slightly  sola* 
ble  in  a  solution  of  cupric  hydroxide  in  ammonium  hydroxide.  On  the 
addition  of  an  acid  to  this  solution  it  is  precipitated  as  a  white,  amor* 
phous  mass.  Cellulose  is  insoluble  in  water,  alcohol,  ether,  and  all 
ordinary  soh^nts.  Strong  sulphuric  acid  dissolves  it,  and  on  diluting 
with  water  white  flakes  separate,  Wlien  boiled  with  dilute  sulphuric 
add,  it  is  slowly  converted  into  dextrin  and  deaEtrose,  and  sometimes 
into  mannose. 

When  cotton- wool  is  steeped  in  a  cold  mixture  of  i  part  of  stirmg 
nitric  and  3  parts  of  sulphuric  acid  for  a  few  minutes,  squeezed  as  dry 
as  possible,  placed  in  fresh  acid  for  fortj^-eighl  hours,  then  pressed 
dry-,  and  finally  washed  thoroughly  in  water,  then  in  a  weak  solution 
of  sodium  carbonate,  it  possesses  great  explosive  properties,  and  is 
called  gun-cotton,  Ci2H^^04(N03)fl,  The  appearance  and  physical 
properties  of  the  cotton  remain  unchanged,  but  it  becomes  a  nitrate 
of  cellulose,  the  composition  varying  with  the  mode  of  preparation 
It  is  used  for  charging  torpedoes  and  submarine  mines.  It  is  the 
basis  of  one  of  the  best  of  the  smokeless  powders,  indurite. 

It  is  also  used  in  the  manufacture  of  artiBcial  silk. 

For  this  purp*_^i5e  it  is  dissfjlved  in  a  mixture  of  akohol  and  ether  and  then 
pressed  threiugh  fine  glass  tubes  under  a  pressure  of  40  to  50  atmospheres.  The 
fine  threads  are  received  into  water,  which  takes  up  the  solvent,  and  when  ten  lo 
twenty  of  these  threads  are  spun  together  may  be  woven.  On  treatment  of  the  fabric 
With  a  solution  of  CaS  the  NO4  groupis  are  removed,  leaving  the  cellulc^c  looking 
like  silk. 

P3rrorylinj  Pyrozylinura  (TJ.  S,  P.),  is  cellulose  tetranitrate,  con- 
taining less  N0|  groups  than  gun-cotton.     It  is  prepared  by  dipping 
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epiton  into  a  mixture  of  14  parts  HNO,  and  22  parts  of  H^O^  allow- 
ing it  to  steep  for  ten  hours,  or  until  it  is  soluble  la  a  mixture  of 
alcotioL  and  ether  (1  : 5),  and  then  removing  and  washing  it  in  cold 
water.    It  Is  used  for  preparing  collodion. 

Collodion,  coUodinm  (U.  S.  P.),  is  prepared  by  dissolving  4  gms, 
of  p\Toxylin  in  a  mixture  of  75  ex.  of  ether  and  2$  ex,  of  akohoU 
Flexible  coUodloa  is  a  mixture  of  92  parts  of  the  above,  5  parts 
turpentine,  and  3  of  castor  oil.  Styptic  collodion  owes  this  proiJerty 
to  30  per  cent,  of  tannic  acid,  Cantharidal  collodion,  or  blistering 
collodion,  is  a  solution  of  a  chltjrofarmic  extract  of  cantha  rides  in 
flcjdbie  collodion,  Cantharides  60  gms,,  flexible  collodion  85,  and  chloro- 
forra  q.  s.  to  make  100  gms. 

A  solutioii  of  p^ro^'lin  in  melhyl-alcohqii  acetone,  mcibyl-acctate,  or  amyl-are^ 
tate  h  used  as  a  lacquer  Tor  metals.  This  varnish  h  transparent,  flexible,  aiKl 
adheres  well  la  ibe  njetal.  PyioiyJia  is  aj^  used  in  the  manufacture  of  celluloid. 
The  uiobtencd  pyroxyh'n  is  intimalely  mixed  with  camphor,  and  then  passed  through 
belted  roiler^  lu  melt  the  camphor,  which  in  the  melted  state  dissolves  the  pyroxylin. 
The  mi:(ture  may  be  made  transparent,  or  colored  or  mottled  by  the  addition 
of  coloring  mattere.  It  is  soluble  in  |lacial  acciic  acid,  warm  nitric  acid,  and 
in  hot  concentrated  solutions  of  NaOH*  Ether-alcohol  (3:1)  dissolves  both  the 
camphor  and  pyroxylin,  while  ether  alone  dissolves  out  the  camphor.  WTien  heated 
to  135*  C*  (157°  F,),  celluloid  becomes  plastic,  and  can  be  molded  into  any  desired 
ihftpc,  1 1  is  employed  to  make  combs,  che^p  jewelry,  etc.|  imitating  coral,  tortoise- 
liletiL  iTory,  and  other  materials. 

If  dry^  urmzcd  paper  be  dipped  into  a  cold  mixture  of  2  parts  of  sulphuric  acid 
and  1  of  water  for  a  few  seconds,  and  then  washed  quickly  in  cold  water  containing 
a  little  ammonia,  it  Is  rendered  very  lough  and  strong,  and  is  called  pardhment- 

Hemic^lluloses  are  those  vaiieties  of  cellulose  which  yield  monosaccfaarids 
with  dilute  mineral  acids,  thus  differing  from  the  others.  The  cellulose  of  yellow 
lupifies  gives  galactose  and  arabinose^  that  of  rye  and  wheat,  arabinosc  and  xylose; 
tl^t  of  certain  nuts,  mannosc, 

Lt^nin  Is  a  substance  usually  found  incrusting  the  celluloise  of  most  woods.  It 
ckafidy  resembles  cellulose  in  composition.  It  h  insoluble  in  dilute  acids  and  alka- 
Ub*  but  is  oxidized  and  dissolved  by  potajssium  chlorate  and  nitric  acid. 

It  is  colored  an  intense  yellow  by  aniZin  sulphate,  and  a  bright  r?d  by  a  solution 
of  phlorogtudn  in  hydrochloric  acid.  These  tests  will  detect  wood-^ber  in  paper 
when  it  is  presenL 

Tiinicin,  or  animal  cellulose,  is  a  simjkr  substance  found  in  ihe  tissues  of 
some  animals. 

The  Gtim  Group. 

The  vegetable  gums  are  amorphous  bodies,  more  or  less  Kiluble  in 
m*ater,  but  ins*jluble  in  alcohol,  and  are  converted  into  one  of  the  glucoses 
bv  dilute  HjSO^*  They  are  of  unknown  constituUon,  and  are  found 
in  plants.  They  arc  non-volatile  and  have  little  or  no  taste,  are  non- 
ciystallizable  and  eminently  collodiaL  ,  From  this  fact  they  are 
difficult  ti>  purify,  Many  of  them  appear  to  be  closely  related  jn 
coEti{X)t^ttion   to   starch,  while  others   have  a   different   composition. 
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They  are  distinguished  from  the  sugars  by  being  incapable  of  fermen- 
taibn  by  yeast,  and  being  insoluble  in  alcohol  The  gums  are  distin- 
^ished  {rom  starch  and  dextrin  by  gi%'ing  no  color  with  a  solution  of 
iodine.  They  do  not  >ield  ammonia  when  heated  with  soda-lime, 
which  distinguishes  thera  from  the  albuminoids.  They  have  not  been 
sufficiendy  studied  to  admit  of  accurate  classification. 

DaxtnUi  or  British  gum^  is  an  amorphous,  yellowish-while^  gum- 
like  body,  readily  soluble  in  water.  It  is  formed  by  heating  March 
above  150°  C,  (302^  F.j,  or  by  the  first  action  of  malt -diastase  or  hot 
dilute  sulphuric  acid  u|x)n  starch*  This  change  is  a  progressive  one. 
When  diastase  or  pancreatic  ferment  is  added  to  gelatinous  starch 
(starch'pasle),  it  is  liquefied  in  a  few  moments,  and  becomes  soluble 
starch,  which  is  representetl  by  the  formula  3o(C^H3gOnj).  This  is 
gradually  hydrated  under  the  action  of  the  fermentj  gi\1ng  rise  to  a  suc- 
cession of  ditlerent  steps  in  the  process,  and  as  many  different  dextrins: 


Soluble  Starch, 
♦  « 

ErythrrsdcJEtrin,  A, 
Er>throdcxtrin»  B, 
Acroodextrin,  C, 


*  ♦  ♦  ♦  *  ♦ 


i 


and  so  on  until  the  final  result  obtained  is: 

Acnjodextrin,  H,     iCC^jfl^OiJ  +  HjO  =  2{C^^n^O,f,)  -h  no  Maltose. 

The  final  result  always  leaves  a  portion  of  dextrin  unchanged  into 
maltose.  The  final  result  is  about  twenty  per  cent,  of  acroodextrin  to 
eighty  per  cent,  of  maltose.  Pancreatic  diastaserhowever,  has  the 
jxjwer  of  slowly  changing  maltose  to  dextrose,  and  the  lowest  acroo- 
dextrin to  maltose.  Iodine  gives  a  reddish  color  with  the  erythrodex* 
trins.  It  gives  no  color  with  acroodextrin.  Dextrins  do  not  reduce 
Fehling's  solution. 

Gum  arabiC|  gum  acacia,  acacia  (U.  S.  P.),  is  a  dried  exuda- 
tion from  the  bark  of  different  kinds  of  acacia.  Strictly  speaking, 
gum  arabic  is  the  generic  name.  Gum  acacia  is  applied  only  to  the 
purer  gum  employed  in  medicine.  It  is  obtained  chiefly  from  the 
Sudan.  It  occurs  in  rounded,  irregular  masses^  which  dissolve  in  coM 
water  to  form  a  thick,  %'isnd  solution.  Gum  arabic  consists  essentially 
of  the  calcium  salt  of  arabic  acid,  or  arabin.  Gum  arabic  should  noE 
contain  more  than  four  per  cent,  of  ash.  The  powder  should  not  be 
colored  blue  (absence  of  starch)  or  red  (absence  of  dextrin)  by ' 
iodine.    Its  si^lution  should  give  an  acid  reaction  w^ith  litmus  paper, 

Arabic  acid,  QHioOsOH^  when  heated  with  dilute  H^O^.  splits  up  inui  a 
scries  of  arabinost-Sj  of  which  four  varieties  have  been  recognised* 

Gum  tragacanth,  tragacantha  (U,  5.  P.),  is  a  gummy  exudation 
from  Astragalus  gummijer  and  allied  species.     It  occurs  in  t^ir<like 
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mass^  strings,  or  bands,  which  are  usually  marked  with  ridges.  Gum 
tragacanth  is  usuaUy  white  or  yellowish-white  in  color^  but  inferior 
varieties  ane  browm.  It  is  hard,  tough,  and  difficult  to  powder.  It  is 
tasteless  and  insoluble  in  alcohol  and  ether.  It  is  insoluble  in  cold 
wrater,  but  it  swells  up  and  forms  a  thick,  jelly  like  mucilage.  When  i 
diffus^ 'through  a  larger  amount  of  water,  it  yields  a  ropy  liquid. 
This  liquid  usuaUy  gives  a  blue  color  with  iodine,  showing  the  presence 
of  starch,  of  which  it  contains  from  five  to  six  per  cent.  Tragacanlh 
contains  atmut  sixty  per  cent  of  a  gummy  or  pectinose  body^  which 
yields  pectic  acid  on  boiling  with  water  containing  one  per  cent,  t*f 
HCl,  and  about  ten  per  cent,  of  soluble  gum,  prol^bly  identical  with 
ambin.  The  characterhtic  pec ti  nous  cunstituent  uf  tragacanth  is 
vmriously  known  as  tragacaathin^  adracantliln,  or  hassorin,  and  is 
believed  to  have  the  composition  Cj^H^jOjo,  Metarabin  is  another 
gunr,  found  in  t^e  roots  of  carrots,  beets,  etc.  It  is  inR>luble  in  water 
and  is  converted  into  arabin  by  treatment  with  dilute  alkalies. 

Gum  seneg^  forms  yellowish  or  reddish  !ump^,  often  liic  ski;  of  a.  plgeon^s  egg. 
It  is  less  soluble  Ihan  the  true  gum  arable,  and  its  solution  soon  becomes  diirk  m 


Cerasia  h  the  insoluble  part  of  the  gum  of  the  cherry-tree  and  peach-tree.  By 
loqg-cofitinued  boiling  n'tlh  water  it  yields  arabin. 

PMtiii  is  obtained  by  the  action  of  natural  ferments  on  pectose,  an  insoluble 
body  existing  in  unripe  fruits.  It  e.t^ts  ready-fonned  in  Irish  moss  and  some  other 
mo^es^  It  is  soltible  in  wateff  the  solution  gelatinizing  on  adding  either  acid^  or 
ftDiAlies.  It  is  prccipltated  by  alcohol.  By  treating  with  bases,  pet  tin  yields  pec- 
tales,  whkh,  on  the  addition  of  hy  Irjchloric  acid,  gives  insiiluble  pecllc  acid« 

AKgin  is  obtained  from  various  seaweeds.  It  is  soluble  in  cold  water,  forming 
viscid  sotutions  which  do  not  gelaCinijEC  on  cooling. 

Carragheeais  the  mudbginous  constituent  of  Irish  moss  (Chondrus,  U,  S,  P.), 
llks-jluble  in  water^  and  is  not  precipitated  by  alcohol. 

Vegetable  mucilage  occurs  in  linseed  ^  marsh -mallow,  quince-^ced,  chn-bark| 
etc*     Wry  little  U  kn<nvn  of  the  composition  of  these  bodies. 

COMPOinfDS  DERIVED  FROM  THE  ALCOHOLS. 
Wc  have  consider^i  the  alcohols  as  derived  from  or  closely  rekted 
to  the  hydrocarbons.  We  now  come  to  consider  a  variety  of  sub- 
stances derived  directly  from  the  alcohols,  by  such  processes  as  dehy- 
drationi  oxidation,  and  substitution.  \Ve  shall  consider  these 
rrnups  in  the  order  mentioned,  considering  first  substances  derived 
^A'  from  alcohols  by  dehydration* 
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ETHERS. 


II  wc  remove  a  molecule  of  water  from  two  molecules  of  an  alcohol 

wt  form  an  ethex,  thus: 

CH,OH  +  CH,OH  —  H,0  -  CTL-O-CH,. 
Uetlirt  Akolior,  Mctbyl  Ether; 
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The  ethers  are  constructed  on  the  water  type  (p.  84),  like  the 
alcohols  from  which  they  are  prepared.  They  bear  the  same  relation 
to  the  alcohols  as  Na,0  does  to  NaOH. 

Na— O— Xa,  XaOH. 

Sodium  Oxide.         Sodinm  Hydroxide. 

Eiliyl  Etber.  Ethyl  Akohol. 

Wlien  the  two  alkyl  radicals  united  by  the  linking  oxygen  are  alike, 
the  ether  is  caUed  a  simple  ether;  when  the  radicals  are  unlike,  a 
mixed  ether. 

A  simple  ether  may  also  be  r^arded  as  an  oxide  of  a  hydrocarbon 
radical.  If  we  substitute  a  bivalent  oxj-gen  atom  for  one  hydrogen 
atom  in  each  of  two  similar  hydrocarbon  molecules,  we  have  a  simple 
ether,  thus: 

Examples  of  simple  ethers: 

CH,— O— CHy 

Methyl-ether,  or  Methyl-oxide. 
Ethyl-ether,  or  Ethyl-oxide. 

Examples  of  a  mixed  ether: 

CH,— O— C^. 

Methyl-ethyl-ether* 

Esters,  or  compound  ethers,  are  compounds  which  may  be 
regarded  as  formed  by  replacing  one  of  the  hydrogen  atoms  in  a 
molecule  of  water  by  a  hydrocarbon  radical,  and  the  other  by  an  add 
radical,  or  by  dehydrating  a  mixture  of  an  alcohol  and  an  add: 

CHjOH  4-  CAO  .  OH  —  H,0  «  C^— O— C,H,0. 
Ethyl  Alcohol.       Acetic  Acid.  Ethyl  Acetate. 

The  esters  a^rrespond  to  the  temar}'  salts  of  inorganic  chemistry. 
-^   Formation  of  Ethers.— Ethers  may  be  formed  by  the  dehydrat- 
ing action  of  H3SO1  upon  the  corresponding  alcohols. 

2C.H5OH  —  HoO  =  (C,Hj,\0. 
They  may  also  be  formed  by  the  reaction  of  the  chloride  or  iodide 
of  an  alcohol  radical  upon  an  alcohol  in  which  the  alcoholic  hydrogen 
has  been  replaced  by  a  metal: 

C^jOXa  +  C.H  J  =  CjHjOCjH,  +  NaT. 
Sodium  Ethyl-  Ethyl-elhcr.       Sodium 

Ethykite.  iodide.  Iodide. 

C,H.OXa  +  CH,I  =  CHjOCjH^  +  Nal. 
Sod.  Ethylate.     Methyl-      MethvUthyl- 
iodide.  ether. 
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The  esters  may  be  formed  by  warmmg  a  mixture  of  the  alcohol  and 
the  add,  or  alkaliae  salt  of  the  add,  with  sulphuric  acid: 


Or  by  the  following  reaction: 

^H,I  +  K^CHO,  -  C,H.— O— CHO  +  KI. 


iodMe- 


Formate. 


lodkk. 


The  esters  are  abundantly  produced  by  botli  pbnt  and  animal  life* 
Many  of  the  essential  oils  contain  compound  ethers.  The  odors  of 
flowers,  of  ripening  fruits,  of  perfumes,  and  the  peculiar  bouquet  of 
the  various  alcohaUc  beverages  arc  principally  made  up  of  compound 
ethers. 

The  most  important  class  of  natural  esters  are  the  fixed  animal  and 
vegetable  oils. 

Ethers  of  the  Paraffin  Series.— Methyl-oiide,  methyl-ether, 
CHa-O-CHj,  is  a  colorless  gas  of  an  ethereal  odor,  soluble  in  water, 
alcohol,  and  HjSO^-  II  is  prepared  by  the  action  of  H^SOi  upon 
methyl-alcohoL  It  liquefies  at  —36'^  C.  (32,8^  F.). 
^7^  Ethyl^ther^  etJiyl-oiidej  sulphuric  ether^  sther  (U.  S.  P,, 
Br*)*  CjHs-O^QHi,  is  prepared  by  heating  a  mixture  of  ethyl-alcohol 
and  sulphuric  acid,  and  distilling  over  the  resulting  ether. 

About  10  parts  by  volume  of  commercial  alcohol  and  12  parts  of 
s&ung  sulphuric  add  are  introduced  into  the  retort,  which  is  provided 
with  two  openings.  In  one  of  these  a  thermometer  Is  placed,  while 
into  the  other  is  inserted  a  funnel  tube.  The  retort  is  heated  until 
the  thermometer  marks  rjo^  C.  (266^  F).  Alcohol  is  now  allowed 
to  mn  in  slowly  through  the  funnel  tube,  while  the  temperature  is 
kept  between  130^  and  140^  C.  (266^  and  284°  F.)*  The  ether  distib 
off  with  part  of  the  water  produced,  and  a  small  quantity  of  alcohol 
and  sulphurous  oxide.  The  crude  ether  floats  upon  the  water  as  a 
distinct  layer.  To  obtain  it  in  a  pure  state,  it  is  washed  with  a  diluted 
soda  solution,  dried  over  quicklime  or  calcium  chloride,  and  redistilled 
by  the  heat  of  a  water- bath*  This  product  is  called  **  washed  ether." 
It  stiU  contains  some  water  and  alcohol,  and  for  anesthetic  purposes 
must  be  again  purified  by  the  same  process.  By  the  above  process  a 
snnall  quantity  of  sulphuric  add  may  be  made  to  etherize  a  very  larg^ 
quantity  of  alcohol. 

The  action  tak^  place  in  two  stages,  as  follows: 


C-H4OH  +  H.SO. 
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Properties, — Pure  ether  is  a  very  volatile,  mobile,  highly  t 
colorless  liquid,  possessing  a  characteristic  odor  and  buro 
Specific  gravity,  0.716  to  0.717  at  25^0.  (77**  F.).  It  bolls  a 
{gb^  F.).  It  is  soluble  in  ten  volumes  of  water j  and  in  a 
tions  in  alcohol,  chloroform,  benzene,  fixed  and  volatile  o 
highly  inflammable,  burning  with  a  luminous  flame;  in  ha 
therefore,  care  should  be  taken  not  to  come  near  a  flame 
solves  resins,  oils,  and  many  other  organic  bodies.  It 
iodine  J  bromine,  corrosive  sublimate,  sulphur,  and  phosphc 
anesthetic  purposes,  it  should  not  affect  blue  litmus;  it  sh< 
no  residue  when  a  quantity  is  evaporaled  on  a  watch-glass,  1 
it  leave  a  foreign  odor;  it  should  boil  in  a  test-tube  when 
is  held  in  the  hand^  and  it  should  not  impart  a  blue  color 
copper  sulphate  (absence  of  water).  Twenty  c.c,  when  sh 
an  equal  volume  of  water  previously  saturated  w^th  ether,  i 
lose  more  than  0.2  ex.  in  volume.  When  10  ex.  of  ether  3 
with  I  ex.  of  KOH  solution  and  allowed  to  stand  one  houi 
should  develop  (absence  of  aldehyde).  Unless  kept  in  well 
containers,  it  is  liable  to  decompose,  forming  aldehyde  and  \ 
formic  acids.  The  above  tests  should  be  applied  to  ether  bet 
an  anesthetic.  A  small  quantity  of  alcohol— less  than  four  j 
is  not  a  serious  objection. 

It  is  used  in  preparing  spirit  of  ether  and  spirit  of 
ether,  or  Hoffmann's  anodyne. 

Ether  is  largely  used  in  medicine  as  an  anesthetic,  and  is 
by  inhalation,  or,  for  local  anesthesia,  is  sprayed  upon 
When  taken  in  overdoses  it  causes  death.  Patients  who  b 
an  overdose  may  usually  be  resuscitated  by  artificial  resp. 
by  the  use  of  the  induced  current  applied  upon  the  neck  a: 
trium.  In  cases  of  death,  the  odor  of  ether  usually  lingers 
clothing  and  in  the  lungs  for  several  hours. 

ESTERS, 

The  esters^  or  compound  ethers,  correspond  in  stm* 
the  salts  of  the  metals  in  which  the  mctxil,  or  positi%^e  radi 
placed  by  a  hydrocarbon  radical. 

ThuSj  sodium  acetate  corresponds  with  ethyl-acetate: 

Na— 0--C,H,0  and  C^— O— C^H.O. 

Sad.  Acetate.  Etb^l-anlate. 

Esters  may  be  formed  in  some  cases  by  the  direct  acti 
acid  or  acid  chlorides  upon  the  alcohols: 

Stdphunc  Ethyl-  l-tlhyl^  Water. 


Add. 


sulpHwte. 


:^  j^j^  Wj--*^^^^ 


v^^ 
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It  is  necessar>^  in  most  cases,  in  order  to  form  the  ethers,  to  use 
some  sulphuric  add  to  take  up  the  water  formed  by  the  reaction,  and 
for  the  same  reason  we  employ  the  solid  salt  of  the  add  we  wish  to 
combine  mith  the  alcohoL 

A  second  method  of  preparing  the  esters  is  by  first  forming  an 
alky]  haloid  i^ith  the  alcohol  radical,  and  causing  a  double  reaction 
between  this  and  a  silver  salt  of  the  acid. 

.\gNO,  -h  CJl.Cl  -  C^*— O— NO,  +  AgCL 

Slvcr  Llhj^l-  illliyJ-Dilnue.  SiW 

Nttmte,  cbJonde.  OOaodc- 

Saponification  of  Esters. — All  esters,  when  treated  with  a 
strong  alkali,  give  up  their  acids  to  the  alkali  and  iset  free  the 
alcDohol,  or  hydroxide  of  the  hydrocarbon  radical.  This  decomposition 
may  often  be  produced  by  heating  the  es^ter  in  presence  of  w^ater, 
with  the  formation  of  an  alcohol  and  a  free  acid.  It  is  termed 
saponification,  by  whatever  means  it  is  accomplished. 

A  large  number  of  these  compounds  are  know^n,  but  a  few  only  are 
siet  with  in  medicine. 

Hethyl-nitrate,  CH^NO,,  is  a  colorless  liquid  bniling;  at  66°  C, 

Methyl-salicylate,  CJi^-O-H  .  CO^ .  CB^,  methyl  salicylas 
(U.  S*  P.),  artificial  oil  of  wintergreen,  is  a  colorless  or  yellowish 
liquid^  having  the  odor  and  taste  of  uil  of  winiergreen  (gaultheria), 
with  the  essential  constituent  of  which  it  is  identical.  It  is  identical 
^ith  the  oil  of  Betula.  Its  sp.  gr.  Is  1,183  1*^  ^,185,  and  it  boils  at 
a  19^  to  221^  C*  (426**  to  429.8'*  ¥.),  It  is  optically  inactive.  It  is 
slightly  soluble  in  water,  but  soluble  in  alcohol^  glacial  acetic 
adJd,  carbon  disulphide,  and  the  volatile  oils.  It  may  be  prepared 
by  distilling   a    mixture   of   salicylic   add,  woodalcoholt  and   strong 

It  ]s  employed  as  a  flavoring  agent,  and  to  some  extent  in  medicine. 

Etbyl-acetate,  acetic  ether,  ^tlier  aceticus  (U.  S.  P.,  Hr,), 
C^H^-O-CjHjO,  is  prepared  by  distilling  a  mixture  of  strong  sulphuric 
acid,  alcohol,  and  sodium  acetate. 


The  distillate  is  washed  with  a  solution  of  calcium  chloride  and  milk 
of  liraCj  decanted,  dried  over  calcium  chloride,  and  finally  redistilled. 
Acetic  ether  is  a  colorless,  limpid  liquid,  bfjiling  at  76°  C,  (168.8°  F,) 
(72**  C,  U.  S.  P-)  and  possessing  a  pleasant,  fniity  odor.  It  dissolves  in 
about  eight  parts  of  water,  the  water  becoming  acid  from  the  decom- 
postUofi  of  a  part  of  the  ether  into  acetic  acid  and  alcohoL  It  is  mis- 
dble  with  methyl*  and  ethyl-alcohols  and  with  ether  in  all  proj>ortions. 
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It  is  a  gpod  solvent  for  the  essential  oils,  resins,  morphiuej  gun- 
cotton,  and  most  other  substances  soluble  in  ether. 

The  refreshing  smell  of  bock-vinegar  and  some  old  wines  is  due  to 
the  presence  of  acetic  ether.  The  ether  is  inflammable,  burning  with 
a  bluish  yellow  flame  and  acetous  odor. 

Ethyl-nitrite,  or  nitrous  ether,  QH^-O-NO,  is  a  mobOe  liquid, 
"  boiling  al  16.5'^  C.  (62^  l\}.  It  has  a  sp.  gr,  of  0.947,  and  is 
insoluble  in  water,  but  freely  soluble  in  alcohol.  It  is  prepared  by 
distilling  a  mixture  of  alcohol,  potassium  nitrite,  and  sulphuric  acid; 
or  by  gradually  heating  a  mixture  of  equal  parts  of  alcohol  and  strong 
niiric  acid  until  it  begins  to  boil,  then  removing  the  heat  and  allowing 
it  to  distil  slowly. 

It  is  purified  as  described  above  for  the  other  ethers. 

Hitro-etliEiie,  CjHj-N^^'  is  isomeric  with  tlie  above  and  differs 

in    physical  prof>erties.     It  boils  at  113°  C,  (235"  F,),  and  is  more 
iMable  than  ethyl-nitrite. 

^  Spirit  of  nitrous  ether^  spiritns  aetheris  nitrosi  (U.  S.  P,,  Bn), 
sweet  spirits  of  nitre,  is  a  stjlution  of  ethyl-nitrite  in  elhyl-aJcohol. 
It  is  prepared  hy  adding  slowly  through  a  funnel  tube  100  gm.  of  sodium 
nitrite  J  dissolved  in  280  c.c,  of  water  to  a  mixture  of  40  c,c,  of  H3SO4, 
85  c.c.  of  alcohol,  and  205  c.c,  of  water,  the  mixture  being  coolai  by 
ice-watex. 

When  the  reaction  is  complete,  the  ethyl- nitrite  is  separate,  in  a 
separatory  funnel^  washed  with  ice- water  to  remove  alcohol,  and  then 
with  a  solution  of  sodium  carbonate,  and  finally  dried  with  potassium 
carbonate.     It  is  then  mixed  with  twenty-two  times  its  weight  of  alcohol 

Spirit  of  nitrous  ether  is  a  dear,  mobile,  volatile,  pale-yelloWp 
inflammable  liquid,  having  a  fragrant,  ethereal  odor  and  a  sharp, 
burning  taste.  The  sp.  gr<  is  about  0.823  at  25°  C  (77^  F,)-  It 
should  boil  at  about  65°  C  (149''  F.), 

When  5  ex,  of  the  liquid  are  placed  in  a  nitrometer  mih  10  cc. 
of  a  16  per  cent,  solution  of  potassium  iodide,  and  then  10  c,c.  of  a 
normal  solution  of  H^SO|  added,  it  should  give  off  not  less  than 
55  c.c.  of  NjO^. 

Ethyl-^sulpbate. — Sulphuric  acid  reacts  with  alcohol  to  form  either 
ethyl  sulphuric  acid  or  ethyl  sulphate  according  to  the  quantities  used. 
\VT\en  H3SO1  acts  upon  an  excess  of  alcohol,  we  have  the  following 
reaction: 


C,H|OH     +     HjSOi 


ilciobbL. 


Sulpliuric 


ilpliurii 
Add. 


H— O' 
Etliyl-sulpliiirJe 


Wfttcr, 


I 


4 

4 
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ThflS  reaction  is  the  first  step  in  the  manufacture  o(  ether.  On 
heatiog  with  alcohol,  this  compound  breaks  up  into  ether  and  sul- 
phuric add. 

Ethyl-sulphate^  (CjHJjSO^,  is  a  heavy,  oily,  yellow  liquid, 
prepared  by  mi^dng  in  a  retort  equal  volumes  of  alcohol  and  sul- 
phuric acid,  and,  after  twenty-four  hours,  distilling  off  the  contents 
of  the  retort  at  about  150°  C  lo  160°  C.  (302^  to  320^  F.). 

This  oily  liquid  is  known  as  heavy  oil  of  wine.    WTien  mixed 

with  an  equal  volume  of  ether  it  forms  the  oleum  a&thereum  of  the 

U.   S.    P,      It  is  used   in   making   the  compound   spirit  of  ether— 

spiritus  aetheris  comp.  (U,  S.  P.,  Bn). 

_>      Ethyl-carbdmate,  or  Ure thane,  ^thylis  Carbamas  (U.  S.  P.).— 

/  /NH, 

C^-O-C  =  O.  This  estex  is  formed  by  acting  upon  ethyl-carbonate 
with  ammonia  at  100®  C.  {212^  F).  Ethyl -carbonate  is  prepared  by 
Creatiiig  silver  carbonate  TM'th  ethyl-iodide: 

^C^,I  +  Ag,CO,  -  (CjHJ,0,CO  +  aAgl- 
{C,H4>jCO,  +  NH|  -  C,Hj— O— CO— NH^  +  HOCyH^. 

Or,  by  the  action  of  urea  nitrate  upon  alcohol  at  a  temperature  of 
I jo^  to  130*^  C.  (248°  to  266*=  P.). 

Vtca  Mtral£-  Ethfl-^ohoL  Am.  Nilnle,  Ethyl -carhamalti. 

Tile  resulting  urethane  is  extracted  with  ether  and  recrv^stalUzed. 

Ure thane  occurs  as  odorless,  colorless,  columnar,  or  tabular  crys- 
tals, with  a  taste  resembling  nitre.  It  melts  at  47^  C  (116.6°  F.)* 
and  distils  at  t8o^  C,  {356°  F.),  It  is  readily  soluble  in  water  and 
niost  other  media*  Urethane  is  used  in  medicine  as  a  hvpnotic  in 
doses  of  I  to  2  gm.  Soninal  is  a  solution  of  chloral  and  urethane 
in  oJcohoL 

T«ttS.— M^tcd  with  H^O^  it  gives  off  CO,  and  tmces  of  aJcobol.  Heated 
Willi  KOU  It  gtv^  qS  ammonia.  If  i  gm.  be  disstjlved  in  lo  cx«  of  waier^  and  2 
ffMu  of  lodium  carboiiftte  and  a  few  granules  of  iodine  added ^  acid  the  mmure  gently 
mtmed»  iodofomi  aeparatefi  on  coohng. 

Ethyl-ben^oatep  valerianate,  butwate^  nitrate,  etc.,  are  pre|mred 
voY  much  in  the  same  way  as  the  above  esters,  using  the  salts  of  the 
adds  here  indicated  with  alcohol  and  sulphuric  add. 

Amyi-acetate,  CgHit-O-QH^O,  is  prepared  by  distilling  a  mix- 
ture of  amyl-alcohol,  sulphuric  acid,  and  sodium  acetate.  It  has  a 
pleasant,  ethereal  odor. 

It  is  manufactured  on  a  considerable  scale  for  use  as  a  flavoring 
agent  for  conJecLioners. 
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Amyl-nitrite,*  amylis  nitris  {U.  S.  P,,  Br.),  QH„-0-N! 
pareti  by  passing  nilrogen  triuxide,  NjO^,  into  amyl-alcohol 
colorless  or  slightly  yellow  [jquid*  and  possesses  the  chokj 
of  amyl  compounds  generally.  It  boils  at  q6^  C-  to  99°  CJ 
iio""  F.}.  Specific  gravity,  0*865  [00.875  ^^  25''  C.  (7  7"=*  F,)-  | 
when  inhaled^  produces  at  first  a  sense  of  fullness  in  the 
dizziness;  then  flushing  of  the  face,  increased  heart  action,  ani 
of  the  blood- pressure  and  temperature.  It  may  contain  as  i 
nitric  acid,  amyl-nitrate,  amyl -valerianate,  and  hydrocyanic  a 

It  is  almost  insoluble  in  water »  but  mixes  in  ali  profwrl 
ether  and  alcohol.  It  is  %'ery  volatile  even  at  low  temperal 
is  inflammable. 

The  method  of  assaying  amy  1-ni  trite  h  the  same  as  that 
for  spirit  of  nitrous  ether,  page  346;  0.26  gm.  should  yield 
c.c.  of  gas. 

Artificial  Fmit  Flavors,— -Many  of  the  flavots  of  plants  are  due  lo  f 
of  csU'ra  uf  wcil'knuwn  adds*     Artificial  flavoring  extra*.  IB  have  rtjmc 
tenidvely  in  rcrent  years,  and  arc  manufactu re-*!  brgely  fixmi  various 
couiptjund  clhcrSj  organic  adds,  and  glycerin.     The  following  foimu. 
some  idea  of  the  character  of  these  mixtures:  Pineapple  consists  of  ct 
part;    aldehyde,   j   part;    ethyl -butyrate^  5   parts;    amy  1-buty rale,   10 
glycerin,  3  parts.     Strawbeiry,  <if  elhyl-nitratCT  1  pan;   t-'thyl-accta 
ethyl -formate,  i  part;    ethyi-butyrate,  5  parts;    rrethyl-balicyUUe,  t  \ 
acetate,  3  parts;  amyl'but)Tatc»  2  j>artsj  glycerin,  a  parts.    Pear,  of  c1 
5  part^;  amyl-acctxite,  to  fiarls;  henzoic  acid*  1  part;  and  glycerin,  lo  pi 

The  ethers  are  to  be  dissolved  in  pure  alcohol  (sp.  gr.,  0.83),  and  t 
given  indicate  the  quantity  to  be  added  to  100  parts  of  alcohol  by  mei 
mijcturcs,  when  taken  in  large  quantities,  produce  dekttrious  effects; 
quantities  actually  used  arr  vorj'  small,  they  probably  produce  no  apprtd 
Besides  the  above-mentioned  and  many  other  **  fruit  essences,'*  these  etl 
extensively  employed  to  improve  the  flavor  of  poor  wLneii,  and  to  frauduU 
wines,  brandy,  rum,  whiskies,  etc. 


4 
.t 
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ESTERS  OF  THE  FATTY  ACIDS  WITH  GLYCKROI 

As  glyceryl,  or  ]>ropenyl,  C3TI3,  the  rat  Heal  of  glyLerin,  is 
radiaU,  it  am  and  usually  docs  unite  with  three  molecules  c 
basic  add.     It  is  possible,  however,  to  ha\'e  three  glycerii 
monobasic  add,  just  as   w^e   have   three  sails   of   the  tiibi 
phone    acid.     Thus^   when   we    act   upon    glycerol    with 

t  OH 
can  form  monoclilorhydriii,  C3H5-I  OH,  dichlorhydriiii  ( 

(ci 


*  Amyl-iwtratc  is  frequently  wdcred  or  written  by  mistake  when  t 
meant- 
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and  trichlorhydrm,  C^, 


fCl 
JCL    In  U 

(ci 


like  manner  we  have  monofor- 


min,  difomiin,  and  triformm,  by  replacing  one,  two,  or  three  of  the 
hydro 3C}is  of  glycerol  i^ith  the  radical  of  formic  add.  The  compound 
ethers  of  glyceryl  and  the  acids  of  the  first  or  paraffin  series  compose 
most  of  the  natural  fixed  oils  and  fats.  For  this  reason  the  adds 
formed  from  this  series  are  called  collecti\'ely  tlie  fatty  acids.  The 
trinitrate  of  glycerol  has  already  been  described.  The  natural  fixed 
oils  and  fats  are  composed  of  mixtures,  in  must  cases,  of  two  or  more 
of  these  glyccrids* 

The  glycerids  are  named  from  the  organic  add  which  they  con  tain , 
ending  in  -in.  The  prefixes  mon-,  di-,  tri-  are  used  to  indicate  the 
number  of  add  radicals  the  molecule  contains. 

The  following  table  contains  the  most  important  of  the  natural  fats 
and  oik;  also  three  artificial  esters  not  true  fats. 

NATTTRAL   FATS   AND   FtXED  OllS, 

„ , .  CaH4(0H)jOCH0,  Artificial  eslcn 

.  _  _ . . C,H,(OH)(OCHO)p 

MonoaceiiEi, QHj(OH)jOC,H,0, 

Triacetin,  „-.-..  CjHiC  OCjff jO  j^  Euonym  us  europitus^ 

Tributmn, ......  C,H^(  OC^H^O)^  Butter- 

Tri valeriu,  _-,*,,,  C^^C  OC,  H^O),^  Solid  e^creme  nt  and  dolphin  oiL 

Trkaproin,  . C^5(0QH|,0)p  f  Builer,  cocoanut  oil. 

Trtcapn-iin,  --* .  .CaHj(QCiHj^O)t  1  Faeces^  tocoanut  oil,  butter- 
TntapnTi, . .,,,,, C,Ha(OC,oH„0)^  Cocoanut  oil,  goats'  milk. 

TriUurin,  -  - C,Hj(OCi,H^O)^  Cocoanui^  palm -nut,  and  bay  berry  oik. 

Tritnymtin,  *  *  * .  ,CjH/OCnH^O)j,  Cocoanut  ail,  pialm-nut  oil,  nutmeg  but- 

leri  cows'  butter,  and  goose-fat. 

TriJtnfJdn,. . C,Hj(OCij|HgiO)p  ^  linseed,  poppy,  sunflower,  hemp-seed 

oils. 

Triolciii,  ...-,„  CfilOC,^Kjy)^  LOib  (Olive  oii). 

Tripalmitin, ,  C^H^{  OQ^U^O)^  i  Oils  and  fats  { Palm  ml)* 

Trisieafin, €^^{OC^M^O)^  Animal  fata  ( taUow). 

II  The  fats  and  oils  are  found  in  both  the  animal  and  vegetable  king- 
idoms.  Some  are  liquid,  while  others  are  solid.  Some  oils  remain 
permanent  in  the  air,  Uke  oiive  oil,  while  others  oxidise  and  thicken, 
like  linseed  and  poppy  oil  These  ktter  are  called  siccative,  or  dr\ing 
oils.  The  fats  are  insoluble  in  water,  difficultly  soluble  in  alcohol, 
but  soluble  in  ether,  petroleum  naphtha,  and  carbon  disulphtde.  So 
far  as  known,  no  natural  fat  consists  purely  of  one  substance,  but  of 
a  roiJrture  of  oleate,  palmitate,  and  stearate  or  other  ester  of  the  triad 
odicalt  glyceryl,  C^, 
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I'hc  fats  are  decomposed  by  heat,  acrolein,  or  acrj^lic 
l)eing  one  Ltf  the  prcxlucts. 

Tristearin,  or  stearin,  C3H5(C|ftH3sOj)a,  h  found  in 
solid  f^tN.  It  may  lie  separated  from  the  other  principles  \ 
tallow  with  turpentine,  when  ihe  stearin  remains  in  soludo 
olein  and  palmitjn  are  precipitated.  ^ 

By  adding  water  to  this  Uqujd^  the  stearin  may  l>e  sepa 
fuses  at  71°  C  (160^  F*)  and  soUdifies  again  at  50°  C.  (122' 

TripabnitiD,  C3H£(CtftHatOj)„  is  the  chief  constituent  of 
multonfatj  lard,  and  human  fat.  It  is  more  soluble  in  al 
ether  than  stearin.    It  crystailizes  in  fine  needles,  and  i! 

Trioleinj  Cyi^CCigHjjOj)^,  is  the  fluid  constituent  of 
and  oils.  When  pure^  it  is  a  colorless  fluid,  becoming 
exposure  to  the  air.  It  may  be  obtained  from  olive  oil  by 
with  cold  alcohol,  cooling  the  solution  to  o^  C.  (32*^  F.)  t 
the  palmitin,  and  adding  water  to  the  alcoholic  solution  to 
the  olein.     Olein  is  more  abundant  in  vegetable  than  in  a 

General  Properties  of  the  Fixed  Oils.— \\'hen  treatat 
alkalies  or  superheated  steam,  the  fats  are  saponified.  (Si 
Most  fats  slowly  saponify  in  contact  ^ith  air  and  becon 
In  the  process  of  digestion  they  are  saponified  and  then  es 
I,  e.f  broken  up  into  minute  drops.  The  active  agents  in  t 
are  the  bile  and  pancreatic  secretion. 

These  oils  are  termed  "foed"  to  distinguish  them  froi 
tile  or  essential  oils  described  in  another  place.  The  **  vol 
evaporate  or  volatilize  without  decomposition,  while  the 
decom[X}se  when  heated,  giving  off  irritating  vapors  of 
CjH^O.  When  rubbetl  upon  paper  they  render  it  trans] 
spot  remaining  more  or  less  permanent.  They  are,  ^ 
nearly  tisteless  and  odorless,  unctuous  to  the  touchy  insc 
float  upon  water.  Some  of  them  absorb  oxygen  when  1 
the  air,  and  become  thick  and  gummy  from  oxidation  of 
of  the  un^turated  linoleic  acid  present.  These  are  call 
or  siccative,  oils.  The  fixed  oils  are  usually  obtained  b; 
with  or  without  the  aid  of  heat. 

While  the  most  of  the  fats  contain  three  organic  radi 
is  one  notable  example  in  which  we  find  a  mixture  of  two  o 
one  inorganic  add  radical.     This  is  an  important  fat  known  a 
CA(OC,,H«0), 

Lecithin,  \0-POOH  is  an  ester 

\O.C^,-N^(CHj3, 
\OH 
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with  two  molecules  of  stearic^  oleic,  or  palmitic  add,  and  one  molecule 

1      of  phosphoric  acid,  which  btter  acid  is  etherized  with  a  molecule  of 

I      choUn.     It  is  found  in  all  animal  and  vegetable  cells  and  tissues,  and 

is  especially  abundant  in  nervous  tissue,  yolk  of  eggs,  and  in  the  sper* 

matic  fluid.     It  is  found  in  blood,  miLk,  bile,  and  transudates, 

The  lecithins  are  desi^futetl  as  dislearyU,  dioleyl-,  and  dipalmityl'lecithin 

actorrtiing  to  the  kind  of  atid  radical  present.  Several  different  Jcciihius  arc  often 
fouiid  togtethcr  in  both  animal  and  plant  tissues.  They  are  often  found  combined 
mth  other  substances^  such  as  proteins^  carbohydrates}  cerebrosides,  etc.  Lecithins 
ait  difficnit  to  prepare  in  a  pure  state^  but  when  prepared  form  a  white  wa^t-like 
masfi,  soluble  In  alcohol^  chloroform,  benzene^  carbon  dbulphlde,  the  £xed  oik, 
and  but  slightty  soluble  in  ether.  They  are  quite  easiJy  saponified  by  wann  alkaline 
aohitions,  and  when  heated  with  dilute  acids  are  deconaposed  into  glyccrophosptioric 
addg  phdsphoric  acid,  free  fatty  add  and  cholin.  They  are  deocitnposed  at  a 
tempera tnre  of  too^  C.  (212^  F.)  even  in  the  dfy  stati?.  They  are  believed  to  play 
an  important  n5le  in  the  nutrition  of  all  cell  nuclei. 

^B  TABLE  OF  THE  OFFICIAL  FIXED  OILS  AND  FATS. 

^"      OmctJiL  ^'44fls■  Couwatt  fsAitt^  SouKcx.  AfvucAnotn, 

Adeps*. . ....  —  ^ . .  Lard.  Hog  fat.  Ointments;   cooking; 

^m  soaps, 

^B   "     Laiue Wool- fat  Sheep's  wool         Ointments;    cootdng; 

^^  soaps. 

*^     Hjdrostis ....  Lanolin.  Sheep's  wool.         Ojntmenis. 

Oletun  AdipiSf. . .  * . .  Lmrd  OU.  Lan£  C  itn  ne  ointme  n  t ;    lu  hii* 

cating. 
"     Amygdalae  » 

Expr«5(ini,  Sweet  Almond        Almonds,  Emollient;    told   cream; 

Oil.  phosphorated  oiL 

**     Cadinuni,....Oil  of  Cade.  Juniper  wood.         Mostly  emollient  in  skin 

diaeasfs* 
■*     G<»sypli 

Seounk,...Cotton^seed  Oil.    Cotton-se«d.  Same  as  olive;    cooking; 

salads. 

*  *      Lini» Linseed  O  il.  Flajcs€?ed,  Laxative ;    painting;    lor 

coughs 

•*  MjafTbuie^*.*Cad4iver  Oil.  Livereofcod.  Internally  in  wasting  dis- 
eases, 

* '     OINvi. ,.-,..  O  li vc  OiL  Ripe  olives.  Cerates ;  oi  ntm  e  n  ts ;  lini- 

merits;    plasters. 

*'     fUctnii . . . ,  -  .Castor  Oil.  Castor  beans.         Laxative ;  emollient. 

*  ■     Theobfoma- 
tki ....... .  Cacao  Butter.        Tbeobroma  cacao  S  u  ppositorles. 

*  •     Tiglli, , .  Croton  CWl.  Cioton  tigli  u  m       Cathartic ;  vesica  nt. 

(seed). 

Serum  prsparatum.  Mutton  Suet.         Sheep  fat  ikim      Merotrml  ointmeaL 
■  abdomen. 


Vv4^jr '^ 
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COMMON  UNOFFICL\L  FIXED  OILS  AND  FAT* 

Arachb  Oil, *  * .  Peatiuis.  To  aduttcrate  of 

etc.]  salad  oH 

Butter,* ..,..,..  MOk  fat.  Food. 

Coconnut  Oil» _ .  Kernel  of  tiuls.  Marine  soaps ;  i 

artificial  buttf 
Cotza  Oil,  _.,.*.,.,*..  Rape -seed »  Burning;  lubri© 

making. 
Heixip  Oil , ,  - .  -  Seed  of  hemp*  Painting ;    varnl 

^af>  making, 
Muslard  Oil,  .........*.  Seed  of  black  and  white  Same  as  Coka  j 

Neal's-foot  Oil, ,  Feet  of  various  animals.  Leather  drcssii^ 

ingoiL 
V     Palm  Oilj -  - , , .S<?cd.  Railway  grcasej 

ing;  candies* 
Rcisin  Oil, > . , ,  Di&tillation  of  rosin.  For  making  ** « 

for  Jubricatii^ 
SjK.Tni  Oil  ,,..*...., ...*B  lubber  of  whale .  Lubrica  nt ;    hat 

cutlery. 

^  Tallow. , Beef  and  mutton.  Candle;  s^ap j( 

Tallow  0»l  (Oleo  Oil)*.. Beef  by  pressure  while  wajrm.  Butterine;  olco 

OFFICIAL  OILS  ANB  FATS. 

Adeps  Lansa'*'  (U.  S.  P.,  Br.)  is  a  purifjed  fat  of  the  woo 
It  15  a  yellowish,  unctuous  mass  having  a  slight  odor  of  wool 
at  about  40°  C.  (104"^  F.).  Insoluble  in,  but  misdble  ^ 
quantities  of  water. 

Adeps  Lans  hydrosus  (IT.  S.  P.)i  or  lanolin,  is  prepared 
fat  by  thorough  washing  and  working  it  up  with  water  intc 
ish  white  ointment -like  mass  having  but  a  faint  odor.  It  s 
tain  not  more  than  thirty  per  cent,  of  water.  It  is  solut 
and  chloroform  and  partly  soluble  in  alcohol  It  is  a  mixtu 
of  cholesteryl  and  the  esters  of  ordinary  fats. 

It  is  used  n^  a  base  for  ointments,  on  account  of  the  stal 
it  IS  more  easily  absorljed  than  other  fats.  This  statement  i 
without  foundation  in  fact. 

Lard  oil,  oleum  adipis  (U,  S.  P:},  is  extracted  from 
low  temperature.     It  is  a  light  yellow^  transparent  oil,  usi 
ing,  soap-making,  and  in  artificial  butter,  or  butterine, 
frequently  adultcnitcd,  yjrinci pally    with    cotton-seed   and 
oils,  rape  oil,  earth-nut  oil,  etc. 

Almond  oil,  oleum  amygdalae  expressum  (U.  S,  I 
a  fixed  oil  expressed  from  bitter  or  sweet  almonds,  a  dear, 
colored  or  colorless  oil,  almost  inodorous  and  having  a  t 
taste.    The  pure  oil  has  no  odor  of  bitter  almonds.    It 
♦Adeps  is  not  a  true  fat.    It  is  composed  chiefly  of  choksterin  and  isot 
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wluble  in  alcohol,  and  is  readily  soluble  in  elher  and  chlorofonn. 
If  a  cc  of  the  oil  be  mixed  with  i  ex.  of  fuming  nitric  add  and  i  ex, 
of  Ki-aler,  a  whili;  or  reddish -brown  mixture  should  be  formed,  which 
should  separate,  on  standing  some  hourSj  into  a  white,  solid  mass 
and  a  scarcely  colored  liquid. 

Oil  of  cade,  oleum  cadinum  (XJ.  S.  P.,  Br.),  is  really  a  heavy, 
Oily,  volatile  oil,  and  not  a  fatty  oil  It  is  composed  of  phenols  and 
cadlnene.    It  is  obtainetl  by  distillation  of  the  heart  wood  of  the  juniper. 

Cotton-seed  oil,  oleum  gossypil  seminis  (U.  S.  P.),  is  a 
^&i  oil  exjjressed  from  the  seeds  of  Gossypium  Iwrbareum^  or  the 
tlon-plant,  and  subsequently  purified.  It  is  a  pale-yellow  oil  with- 
cmt  odor,  and  having  a  bland,  nut-like  taste.  It  is  largely  employed 
as  a  substitute  for,  or  an  adulterant  of,  olive  oil,  as  a  substitute  for 
lard  in  cooking,  in  the  manufacture  of  butterine  and  soap,  and  for 
adulterating  other  oils. 

Linseed  Oil,  Flaxseed  Oil,  Oleum  Lim  (in  S,  P.,  Bn).— It 
is  a  dark -yellow,  fixed  oil,  ex  presided  from  ground  Unseed  without  the 
use  of  heaL  It  has  a  characteristic  disagreeable  odor  and  taste* 
linseed  oil  consists  of  about  eighty  per  cent  of  linolein,  isith  smaller 
quantities  of  olein,  myristin,  and  palmitin.  Linolein  is  a  glycerid  of 
UiioJdc  add.  The  diynng  property  of  linseed  oil  is  due  to  the  pres- 
cficse  of  Unolein,  which  absorbs  oxygen  from  the  air  and  is  converted 
into  a  gummy  mass  resembling  resin*  The  varieties  of  linseed  oil 
recijgni^ed  in  commerce  are  raw,  refined,  artists',  and  boiled.  The 
lend^cy  of  linseed  oil  to  oxidise  is  much  increased  by  heating  it  to 
a  bigh  temperature  while  passing  a  current  of  air  through  and  over 
the  oil,  and  subsequently  increasing  the  temperature  until  the  oil 
b^DS  to  effervesce.  The  temperature  employed  is  from  130°  C, 
(j66^  F.)  upward.  This  process  is  termed  boiling  the  oiL  The  oil 
llnis  treated  is  called  boiled  oil.  By  continued  boiling  the  oil  be- 
oomes  very  thick,  and  may  be  drawn  out  into  elastic  threads.  This 
pcodoct  is  used  in  the  manufacture  of  printing-ink.  By  adding 
Itliarge,  ferric  oxide,  or  manganese  oxide  to  the  oil  during  the  boil- 
ing process,  the  oxidation  and  consequent  dr)^ng  properties  of  the  oil 
are  increased.  The  salts  of  lead  and  manganese  are  most  employed 
in  the  manufacture  of  "driers"  for  linseed  oil. 

Cod-liver  oil,  oleum  moirhu®  (U,  S.  P.,  Br.),  is  a  fixed  oil 
obtained  from  the  fresh  livers  of  the  cod,  Gad  us  marrhua.  It  is 
obtained  by  pressure,  either  with  or  without  the  aid  of  heat.  Seveml 
qnaltti^  of  cod -liver  oil  are  recognized  in  commerce;  a  pale  oil  of  a 
iUTiw-yellow  color;  a  pale  brown  oil  of  inferior  quality,  also  used  in 
medicine;  and  a  dark  brown  variety  obtained  by  roughly  boiling  down 
the  livers,  and  known  as  tanners*  oil*    ^\lien  fresh,  the  best  grades 
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of  oil  arc  almost  colorless  and  lim[nd,  with  a  slight  odor  and 
a  faint  acid  reaction.     On  standing,  tlie  fishy  taste  and  od^ 
as  the  acid  reaction^  increase.     Cod-Hver  oil  consists  es9|l 
several  glycerids,  the  chief  one  being  olcin,  with  variable  qui 
myristin,   palmitin,  stearin,  with  small  quantities  of  choles 
free  fatly  acids.     Cod-liver  oil  contains  traces  of  iodine  a 
times    bromine,    but    the    form    in    which    these    elements 
unknown,     A  f>eculiar  acid  culled  gaduic  acid,  and  another, 
called   gadium,   and    two    alkaloids,    asseliii   and    morrfaff 
been  found.     Gaulier  has  obtained  butylamin,  amylamin,  | 
and  hydrodimelhyl-pyridin.     To  which  of  ihcse  substances 
oil  owes  its  value  as  a  thera|.)cutic  agent  is  still  a  matter 
Heycrdahl  claims  that  when   made  from   fresh   livers  an 
exposure  to  air,  It  does  not  contain  any  of  these  alkaloids, 
that   it  does  contain   two   fals,  therapin  and   jecolem. 
CjHs(OC,7H2^0)j„  constitutes  about  twenty  per  cent,  of  the 
jecolein^  C3Hs(OC^Ho,jO)5,  forms  about  the  same  amount;  ' 
has  not  thoroughly  studied.    The  properly  which  is  jrrobabl 
recommendation  for  its  use  is  the  facility  with  which  it  is  i 
assimilated.     This  characieristic   is   not  due  to   the  traces 
compounds,  %vhich  are  nearly  always  present.    It  may  in  p 
to  the  readiness  with  which  cod -liver  oil  becomes  rancid  or 
as  slightly  rancid  oils  are  more  easily  emulsified  than  neutra 
as  it  very  easily  saponifiesj  this  would  favor  its  emulsifi 
absor|>tion.     Cod -liver  oil  is  seldom  adulteraled, 

Olive  oil,  oleum  oUvm  (U,  S,  P,,  Br,},  is  a  well 
expressed  from  the  fruit  of  the  olive-tree.  It  is  a  yellow  c 
yellow  oil,  almost  odorless,  and  of  a  bland »  sweetish  taste, 
grades  have  a  greenish  tinge,  and  are  prepared  by  submitti 
to  cold  pressure.  Olive  oil  is  frequently  adulterated,  c 
poppy  oil,  sesame  oil,  cotton-seed  oil,  and  peanut  oil.  1 
of  detection  of  adulteration  will  be  seen  by  reference  to  t 
page  360.  It  is  very  sparingly  soluble  in  alcohol,  but  rea 
in  ether,  chloroform,  or  carl^on  disulphide.  When  cook 
10^  C.  (50^  F,),  it  begins  to  deposit  cr^'stalUne  particles,  a 
(32°  F.)  it  forms  a  white,  granular  mass. 

Castor  oil,  oletmi  ricini  (U,  S.  P.,  Br.),  is  usually  i 
the  extraction  of  the  oil  by  the  expression  of  the  seeds 
ccmmunis,  which  contain  nearly  one-half  their  weight  of 
clear,  the  oil  is  treated  with  animal  charcoal  or  magnesia,  \ 
It  is  a  thick,  viscid,  tninsparent,  colorless  or  greenish-ye 
having  a  faint  odor  and  a  dis^igreeable  taste.  At  a  low  tei 
thickens  and  deposits  while  granules,  and  at  about  —18^ 
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:.)  it  solidifies.  Castor  oil  differs  from  most  other  fixed  oils  by  its 
density,  viscosity,  and  its  ready  solubility  in  alcohol  and  insolubility 
m  naphtha.  Nitric  acid  attacks  it  energetically,  and  converts  it  into 
sub^c  acid.  Ammonia  precipitates  from  it  a  crystalline  solid.  It  is 
used  in  medidne  as  a  laxative. 

Cacao-butter,  oleum  tbeobromatis  (U,  S.  P,,  Br,),  is  a  fixed  oil 
expressed  from  the  seeds  of  Tl^abrottui  cacao.  It  is  a  ye Ilo\vish -white 
solid,  havirg  a  faint,  agreeable  odor  and  a  bland,  chocobte-like  taste. 
Its  sp.  gr.  is  from  0,970  to  0.9S0.  It  is  readily  soluble  in  chloroform 
and  ether,  and  is  soluble  in  120  parts  of  boiling  absolute  alcohol  or 
100  parts  of  cold  alcohol.  It  does  not  easily  become  randd.  Its 
fusing  point  is  between  30*^  and  ^^"^  C*  (86°  la  91 4^^  F.),  It  is  a 
brittle  Sfilid  at  ordinar)^  temperatures. 

Croton  oil,  oleum  tiglii  (U,  S.  P.),  oleum  crotonis  (Br,), 
is  e:^res&ed  from  die  seeds  of  Croton  ItgHum,  It  is  a  pale  yellow  or 
biownish-yellow^  somewhat  viscid  and  slightly  fluorescent  liquid,  hav- 
ing a  slight  fatt>^  odor  and  a  mild,  oily,  afterward  acrid  and  burning 
taste.  Croton  oil  contains,  besides  the  glycerids  of  oleic,  crotonic, 
and  fatt>^  adds,  a  peculiar  prindple  called  crotonol,  to  which  the  oil 
ow^  its  vesicating  properties.  \Vhen  applicxl  to  the  skin,  it  produces  a 
pustular  eruption^  and  when  taken  internally  Is  a  drastic  cathartic. 
The  oil  has  an  add  reaction  to  litmus  paper.  It  is  soluble  in  alcohol^ 
its  solubility  increasing  with  age.  It  is  very  soluble  in  ether,  alcohol, 
chloroform,  and  in  the  fijced  and  volatile  oils. 

Mutton  suet  J  seviim  preparatum  (U.  S.  P,,  Br.),  is  the  in- 
lemal  fat  of  the  abdomen  of  the  sheep,  purified  by  melting  and 
straining.  It  is  a  white,  smooth,  almost  odorless  solid,  melting  at 
44,5^  C.  to  49°  C  (113°  to  120°  FJ.  It  is  freely  soluble  in  benzine, 
slowly  soluble  in  benzene,  and  insoluble  in  alcohol.  It  quite  readily 
becomes  rancid  on  keeping,  and  should  not  then  be  used.  It  is  firmer 
than  lard  and  is  used  in  making  mercurial  ointment. 

Lard,  adeps  (U.  S,  P.,  Br-),  is  the  purified  fat  of  the  hog.  It  is 
prepared  by  '  trying  out*'  the  fat  by  warming  the  fatty  tissue  either  with 
dry  or  steam  heat,  at  a  temperature  not  exceeding  57°  C,  (135^  F.), 
The  fat  is  then  strained  through  muslin.  It  is  a  soft,  white  fat  at 
cirdinan^  temperatures,  and  melts  to  a  clear  oil  at  about  37.8*^  C.  (100° 

^JP".)*    The  lard  of  commerce  is  often  adulterated  with  paraffin  and 

^Kotton -seed  oiL 

^P  IMPORTAJfT  tJBOFFICIAL  OILS  AJfD  FATS. 

Earth-nut  or  peanut  oil,  aracbis  oil,  is  obtained  from  the 
mxU  of  Arackis  hypogca,  the  oil  being  chiefly  expressed  in  France* 
The  nut  contains  about  forty-five  per  cent  of  the  oil.    It  is  of  a  pak 
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grecnish-yellow  color,  of  a  distinctly  nutty  flavor  a 

used  very  largely  in  the  adulteration  of  olive  oil,  lard  oil,  andj 

This  is  a  type  of  a  variety  of  bland,  almost  tasteless  oils  of 
origin  which  have  come  jnio  the  market  in  recent  years,  u^ 
as  sabBtitutes  for  or  adulterants  of  almond  oil,  olive  oil,  aii 
in  the  manufacture  of  artificial  butter.  The  oils  of  this  class  t^ 
cotton-seed,  peanut,  sunflower-seet],  rape-seed,  cocoanut,! 
beechnut,  mustard  seed,  peach,  and  apricot  oils.  The  i 
given  above  for  some  of  these  oils  is  practically  that  for  al 
with  slight  unimjKjrtant  diflferenccs.  Pure,  unadulterated  f 
seldom  seen  in  this  market 

Sesame  or  teel    oil,   beone  oil,  is  a  6xed  oil  expre 
the  seeds  of  S^samum  indkmn.     It  is  a  yellow,  inodorous, 
oil  resembling  cotton-seed  oil,  and  used  for  the  same  purpa 
an  imperfect  drying  oil,  and   does   not  readily  turn  rancic 
havior  with  reagents  will  be  seen  by  reference  to  the  table. 

Hemp-seed  oil,  poppy-seed  oil,  walnut  oil,  and  linse 
the  vegetable  drying  or  siccative  oils,  ami  are  all  used  in  mix 
Some  of  them  are  used  to  adulterate  linseetl  oil, 

Neat*s-foot  oil  is  obtained  by  the  heat  of  boiling  wate 
uy>on  the  feet  of  cattle,  horses,  sheep,  and  other  animals, 
fjopularly  called  **  trying  out.''  It  is  a  straw^yellow^  odorl 
tasteless  liquid,     II  is  not  readily  prone  to  rancidity. 

Palm  oil  has  a  reddish -yellow  to  a  brown  color,  anc 
consistency  from  that  of  soft  lard  to  that  of  tallow*  As  it 
commerce,  it  is  frequently  contaminated  with  water  and  ^ 
tics,  and  is  more  or  less  rancid. 

Sperm  oil  (proper  is  obtained  from  the  head -cavities  a; 
of  the  sperm  whale.  Commercial  sperm  nil  is  sometime 
from  other  whales,  and  that  from  the  biitllcnoscd  whale  \i 
"Arctic  sperm  oil,"  Sperm  oil  is  a  thin  liquid  and  nearlj 
odor,  when  of  good  quality.  Sperm  oil  is  mostly  used  as  an  S 
oil. 

Tallow  is  the  fat  of  the  ox  or  sheep,  obtained  by  g 
Mutton  tallow,  so  called,  is  of  a  different  comiKisilion  fn 
beef,  and  is  usually  culled  suet. 

Tallow  is  a  white  or  yellow^ish- white,  brittle  solid,  usee 
the  manufacture  of  soap  and  candles.  Tallow  oil,  or  olec 
tained  by  expression  at  a  temperature  of  about  35°  C.  ( 
the  more  hquid  portion,  the  soHd  iK>rtion  remaining  bet 
press.  This  oil  is  especially  prepared  for  the  manufactui 
margarine. 

Butter  consists  of  a  mixture  of  stearin,  palmitin,  anc 


OILS   AND   FAIS. 


357 


soluble  in  water,  and  the  ghxerids  of  butyric,  caproic,  caprylic,  and 
capitc  adds.  These  last  adds,  when  free,  are  soluble  and  volatile. 
Oteomargarine,  butterine,  suine,  etc,  are  artificial  mixtures  of  butter 
m-ilh  foreign  fats,  maile  to  imitate  butter. 

The  principal  foreign  fats  employed  are  lard,  beef  oil,  nitton-seed, 
sesame,  and  similar  oils.  The  usual  method  of  manufacture  is  to 
aidt  the  foreign  fats,  deodorize  them,  when  necessary,  with  nitric 
add,  then  either  to  mix  them  >\ith  genuine  butter  or  churn  them  with 
I  milk.  The  mixture  usually  has  a  meltijig  point  above  or  below  that 
of  genuine  butter. 

t^felting  points  of  various  fats; 
I    Bmterine^.. - ji.j°  C.  (8S.s*  F.). 
I  CMSO-biitlcr,.. ...,._.. 349** C.(94.7*»F.). 
'  Butte (araage),,,. --,„„,..-,-, 35-8^ C  (^.6*  FJ. 
Bcrf-drippingi  .--„-. .-.-.-.-....4j.S*C  (III  t^^F.). 
Veal-driptrtngl -.„.,..„--....... 47-7° C.(ii8^F.). 
Lwti,_...,-_ ._-...4i*C.  to4S<^  0.(107.5°  to  I ij^'R). 
Mutiootat*.. ...._._.. -so^Ctoji^C.  (i22^tot2j.8«F.). 
TalkmCbecf). ->..- ,„.„.. 53** C,  {ia7.4'=' F,}. 
A 


A  low   melting  point  generally  indicates  bulterine,  or  vegetable 
while  a  high  one  indicates  the  presence  of  animal  faLs, 


T1i£  detectioa  of  foreign  substances  in  butter  h  a.  m^t^er  of  croasidcrable 
importance,  owing  to  the  fact  tKat  tertaia  toaulrics  have  laws  prohibiling  ih^  sale 
of  artifidAl  butter,  oral  least  restricting  lis  sale. 

The  modem  butter  substitutes  are  close  imitations  of  natural  butter,  and  can 
onlj  be  delected  by  chemical  pnxesses  dependent  upon  the  difference  in  chemical 
compodtion  of  butter-fat  and  other  animal  or  vegetable  oik.  The  butter-fat  is 
sa.poni6ed  with  a  solution  of  KOH,  the  soap  thus  produced  Ls  again  decom|xj$ed 
with  a  cnlnerml  acid,  and  the  fatty  acids  are  separated.  Stearic ^  oit-ic,  and  palmitic 
wcmh  ue  insoluble  in  water»  while  butyric  acid  and  certain  others  are  soluble^  But^ 
ter-ixLt  when  thtis  treateiij  yield'*  from  5  to  S  fjcr  cent,  of  soluble  acid^  and  from 
§5*5  1aSS~s  per  cent,  of  jii,'>'>l«b[e  aclfls.  The  sum  of  the  insoluble  and  sniluble  fatly 
«cia^  shiouki  always  aTiount  E^>  fully  g^  per  cent,  of  the  fat  taken.  The  other  fat^ 
aad  oQ%  when  saponified  by  this  methorl,  yield  mere  tracer  of  the  volatile  or  fM:)luble 
Eitty  ajcids,  and  from  05  5  to  97.7  ix*r  cent,  of  insoluble  acids.  These  variations  arc 
tAjcn  advantage  of  for  the  ideniiQcation  of  genuine  butter  or  the  detection  of  miji- 
tufTTi.  In  actuil  practice  2.5  gm,  of  the  purified  butter-fat  are  taken  and  saponified 
ii»ih  KOH,  the  ^>ap  decomposed  with  diluted  H^SO^,  and  the  mixture  submitted  to 
diMillilion,  The  ^^  4ijble  or  volatile  arids  distiJ  off,  and  are  estimated  by  titration 
with  a  >tinid;iril  alkili.  From  the  amount  of  alkali  requirt^l  to  neutralize  the  vola- 
tiV  ^khn  the  <iuantily  or  percentage  may  be  calculaterl.  The  insoluble  acids  re- 
m-Mn  behind  in  the  di^tiHing  flask.  If  tt  be  desired  to  do  so,  they  may  be  filtered  oui 
and  wciglicd.  .\nother  meth<id  that  is  somelimes  employed  for  the  detection  of 
aduiieration  in  butter  is  the  amount  of  alkali,  KOH,  required  to  saponify  a  known 

gbf  of  butler.     This  is  known  as  ils  saponifying  e/|uivatent.     It  is  determined 

;  lo  i  known  weight  of  the  punht^  butter-fat  an  excess  of  standard  solution 

d  beating  until  saptinifi!  ation  is  complete*    The  excess  of  KOH  is  then 

by  1  «andanl  iu  id.     The  difference  between  that  added  and  the  free 
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silkati  remaining  gives  that  in  coitibitjation  with  the  fatly  acids  of  the  bu| 
saixiaifymg  ei|uivalcrjt.  The  amount  of  alkali  required  for  the  saponf 
butter  is  much  greater  than  that  of  most  other  oils.  Another  methoo 
depended  upon  to  distinguish  butter  from  othKr  fats  or  oiJs  is  the  amoud 
or  bromine  that  H  given  weight  of  butttr-fat  mil  absorb  under  prescrit 
lions.  For  particu Jars  conct  nung  these  various  processes  we  must  refer  | 
to  s  per  ia  I  worka  on  t  he  ?>  u  It  jet  t . 

Identification  of  Fixed  Oils* — Various  methorls  have  been  dcvi^ 
identification  of  ftxed  oils  and  fats.  Some  of  thc5»e  dej>end  upon  the  scj 
the  fat  into  its  constituents*  and  the  quantitative  eslinintion  of  these  cO 
These  pnxrcsscs  arc  renderecl  necessary  l>etause  f»f  the  extensive  adul| 
which  commercial  oils  and  fats  arc  subjected*  Some  of  these  processes  aij 
espe<:iiiJly  for  the  detection  of  the  falsification  of  butter.  Others  are 
onJy  to  the  commercial  oils  other  than  butter.  The  chief  tesb  used  for  th» 
lion  of  oils  are:  , 

I,  Specific  gravity,  I 

3.  Liqxiijfying  tem|ierature» 

3.  Heat  developed  in  the  action  of  H^SO^  upon  a  fixea  amount  of  the 

4p  Heat  of  bromi nation- 

5.  The  iodine  absorbed  by  a  known  amount  of  the  oU. 

6.  Color  reactions  with  HjSO^  or  IINO^. 

7.  The  elaidic  acid  reaction* 
S.  The  index  of  refraction. 
9.  The  saponification  number. 

10.  The  quantity  of  volatile  fatty  adds. 

The  specific  gravity  of  the  most  important  oils  Is  given  in  the  tab 
j6o.     It  k  us.ua I Jy  taken  with  the  picnometer.     (See  page  5*) 

The  liquefying  temperattire  is  another  characteristic  property  of 
is  made  use  of  for  their  identification*  These  temperatures  arc  given  1 
column  of  the  table.  Of  the  chemical  methods  that  are  employed  for  the 
tion  of  fijced  oilSj  only  the  simpler  ones  can  be  here  described. 

The  rise  of  temperature  which  ensues  on  treating  a  fixed  oil  wit 
the  measure  of  the  extent  or  intensity  of  the  chemical  reaction  between  the 
rise  of  teTuperature  has  been  taken  advantage  of  by  Maumene  for  the  idt 
of  many  of  the  fixed  oils.     It  is  found  that  with  a  given  oil  the  rise  1$  fairly ' 

The  heat  of  brominatioQ  is  the  rise  of  temperature  caused  by  tb 
1  gm.  of  bromine  on  i  gm.  of  oil  under  prescribed  condiUons.  The  reactit 
upon  the  amount  of  unsaturated  acids  in  the  oil. 

The  results  are  more  uniform  when  bromine  is  used  in  place  of  su!p 
The  method  may  be  conducted  as  follows*:  Take  a  seven-inch-long  tei? 
wind  a  layer  of  cotton  alxjut  ihe  closed  end.  Place  this  in  a  sU-  or  t 
beaker,  or  ordinary  tumbler,  and  fill  the  latter  with  calcined  magnesia  to 
two  and  a  half  inches,  packing  it  down  around  the  tc^t-iube  and  coiton. 
tube  may  now  be  taken  oui^  leaving  a  non-conducting  nest  lined  with  cot 
gm,  of  the  oil  are  dissolved  in  entni^h  chbmform  to  make  exactly  10  c.c, 
of  bromine  are  dissolved  in  enough  chloroform  to  make  25  c^c.  The  sa 
brought  to  the  room -temperature,  and  5  ex*  of  the  oil -chloroform  solutio 
fully  measured  out  with  a  pipette  and  run  into  the  test-tube,  taking  cart 
the  sides  of  the  tube.  The  tube  is  now  returned  to  the  nest  in  the  beak* 
mometer  placed  in  the  solution,  the  temperature  taken,  and  5  c.c,  of  tt 
solution  shjwly  added  from  a  pipette,  consuming  about  one  to  two  minute 
the  s  ex.     As  soon  ns  the  last  drop  of  bromine  solution  has  been  adde< 
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r  of  the  mixture  h  observed  and  the  h^cst  point  reached  on  tlie  scale  noted 
Vef^ence  be:twre!i  the  imtiaJ  temperature  and  this  readmg  gives  the  heat  &f 
tlMM  ©f  t  cx,  of  bromine  acting  upon  i  gm»  of  the  oij  under  examination*  : 

f  heat  of  bromlnadou  of  the  commoner  oih^  when  the  above  directions  are  M- 
't  is  given  in  the  fourth  columa  of  the  tabic  on  the  next  page- 

Color  RcactioiiB.— With  some  oils,  sulphuric  add  gives  chaiucterisiic  cobra - 
tkms.  The  next  two  tolumns  of  the  table  show  the  enect  produced  in  placing  a 
drop  or  two  of  sulphuric  add  in  the  center  of  about  twenty  drops  of  the  oit,  and  ob- 
aenrlng  the  color  before  and  after  Mirring.  The  colors  produced  by  different  sam-  i 
pies  of  the  same  kinds  of  oils  ire  liable  to  some  variations  from  those  indicated  in  the 
table^  Many  of  the  fixed  oils  give  characteristic  color  reactions  mih  nitric  acid  as  j 
wdl  i»  with  sulphuric  add.  The  melbod  of  applying  the  test  h  to  agitato  together 
from  3  to  5  c,c.  of  the  oil  with  i  c,c.  of  nitric  acid  of  sp.  gr»  1*32*  Heat  the  muttur^ 
for  five  minutes  in  boihng  'Waaler,  and  then  take  it  out  aad  observe  the  color  of  the  oil 
from  time  to  lime  for  an  hour  and  a  half.  If  the  add  be  of  a  higher  sp.  gr.  than  i  .33, 
it  win  be  uancccssar)^  to  apply  the  heat.  The  colors  given  by  this  lest  are  to  be 
louod  in  the  last  column  of  the  table- 

Tbe  elAidia  reaction  is  also  a  characteristic  test  for  many  of  the  fixed  oils.  It 
d^pefids  upon  the  action  of  nitrous  acid  upon  the  oleic  acid  of  the  oils,  by  which  it  la 
changed  into  elaidic  acid ,  w  hich  is  solid  a  t  ordinary'  tem  peraturea.  The  best  m  e  thod 
of  obtaining  this  reaction  is  with  the  following  solution:  One  c,c.  of  mercur%'  ^s  dis- 
solved in  12  ex.  of  cold,  concentrated  nitric  acid.  One  ex,  of  this  freshly  made 
^>lution  b  then  shaken  in  a  wide-mouthcd,  stoppeied  bottle  with  ^5  c.c.  of  the  oil  to 
be  tested,  the  agitation  being  kept  up  at  intervals  for  from  one  to  two  hours*  When 
tn^ted  in  this  manner,  olh  consisting  of  nearly  pure  okin  give  a  solid  product  of 
greater  or  less  consistency.  Olive  oil  is  remarkable  for  the  firmness  of  the  lemon* 
jeQow  elaidin  production.  The  behavior  of  the  more  Important  fijced  oils  when 
tested  in  this  manner  is  as  follows : 

IHIaldin  Test. — Beha  vior  of  most  im  portant  fijced  oils. 
M  A  si  Aid,  hard  mass;  I 

Olive,  almond,  arachis,  tard,  sperm^  and  sometimes  neat's-foot.  I 

(fr)  A  buttery  consbtcncy:  J 

Neat's -foot,  mustard » sometimes  sperm,  arachis,  and  rape*  I 

(<)  A  buttery  mass  separating  from  a  liquid :  I 

Rape,  sesame^  cotton -seed,  cod-liver,  seal,  whale,  and  porpoise.  1 

(4)  Uauid  products;  I 

Ltfi9m>  hem  paced,  walnut,  and  other  drying  oils.  ■ 

Fat  in  the  Hum  an  Body, — Fats  which  occtir  in  the  animal  body 
are  chiedy  mixtures  of  triolein,  tripaltnitin,  and  tn stearin  in  varying 
proportions,  with  small  quantiti^  of  tricaproin  and  tiivalerianin.  The 
norrnal  fat  of  each  animal,  or  class  of  animak,  h  characteristic  in  its 
composition.  Thus,  in  the  fat  of  man  and  the  carnlvora,  palmjtin  is 
in  excess  over  the  other  two.  In  the  fat  of  herbivora,  stearin  pre- 
dominates, and  in  that  of  fishes,  olein^  The  fat  of  butter^  as  seen 
abo%^e,  contains  several  other  glycerids  in  addition  to  these  three* 
iThe  fat  that  is  accumulated  in  the  animal  body  during  fattening  can 
t  be  accounted  for  by  the  fat  given  as  food.  A  large  part  of  it  may 
come  from  the  D^n version  of  proteins  and  carbohydrates  into  fat* 
The  manner  in  which  thb  conversion  takes  place  has  been  the  subject 
of  ociitsidcrable  dispute.    The  belief  now  is,  however,  that  both  pro 
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Slid  carbohydrate  c^n  give  rise  to  the  production  of  fat  in  the 
ajiimal  body*  The  total  amount  of  fat  in  the  humaa  body  varies 
withiQ  wide  luaits,  but  from  three  to  five  per  cent,  may  be  taken  as 
A  iJair  a%*erage.  It  is  generally  greaier  in  women  and  children  than  in 
men*  It  is  generally  greater  in  middle  age  than  during  old  age, 
altboygh  sometimes  this  rule  is  reversed.  The  object  of  the  storage 
of  fat  in  the  animal  body  is  to  provide  a  surplus  of  h^t-produciiig 
elements  for  periods  of  starvation  and  disease.  It  also  series  to  lubri- 
cate the  different  organs,  to  give  rotundity  to  the  form,  and  to  protect 
tbe  interna!  structure  from  sudden  changes  of  temperature,  owing  to 
its  non-conductivity  of  h^t  The  principal  service  of  fat  in  the 
ax>nomy  is  as  a  producer  of  heat  and  energ}%  by  its  oxidation.  In 
wasting  diseases  and  starvation,   the   fats  previously  stored  up  are 

I  iipidly  consumed  to  sustain  the  body.  In  cold  climates,  therefore, 
more  fats  are  demanded  than  in  temperate  or  hot  climates.  When 
hi  is  taken  in  excess  of  that  needed  by  the  body^  it  is  either  discharged 

_iD  the  feces  or  it  is  absorbed  and  stored  up  as  fat- 

"  SOAPS. 

Soaps    are    metallic  salts  of  the   fatty  acids — L  ^.,  chiefly  oleic, 

I     lulmitic,    and    stearic^    altJiough    soaps    are    made    from    various 

W^etable  acids,  notably  from  abietic  and  other  acids  found  m  rosin- 

Those  of  potassium,  sodium «  and  ammonium  are  soluble  in  water; 

those  ol  the  other  metals  are  Insoluble.    Hard  soaps  are  salts  of  the 

I     falij  acids  with  sodium ;  soft  soaps  are  salts  of  |)Olaf&]um. 

Soaps  are  made  from  almost  any  fat^  but  the  best  varieties  are  made 

fftim  lard,  olive,  peanut,  or  palm  oils.     Cocoa  nut-  and  palm-oil  soaps 

are  much  used  at  sea,  on  account  of  their  property  of  dissolnng  in 

sail  water.     Castor  oil  is  extensively  employed  for  making  transparent 

lojkl -soaps,  and  now  ver>*  eittensively  used  for  soap-making,     Lard- 

j     soaps  are  very  white,  solid,  Inodorous,  and  valuable  for  toilet  use. 

I     Onfinary  yellow  laundry  soap  is  made  by  sa{K)m'f\ing  tallow  or  palm 

oil  with  soda.     More  or  less  resin  is  often  added,  but  the  use  of  too 

brgr  a  proportion  renders  the  soap  dark.     The  principal  soaps  of 

commcTce  contain  either  an  excess  of  unsaponilied  oil  or  fatty  add, 

^pn  the  one  hand,  or  an  excess  of  alkali,  on  the  other.     The  alkah  of 

^■lie  suap  may  be  either  as  a  carbonate  or  as  caustic  alkali.     Such  soaps 

^^ve  Slid  to  be  alkaUne  soaps.     Small  quantities  of  foreign  substances 

^^Bi£  fretiueotly  added  to  soaps,  as  cnlonng,  {>erfume,  or   medicinal 

^H^fits,     Medicated  soaps  are  now  sold  which  contain  a  considerable 

^^^Bfoportion  of  medicinai  agents,  such  as  airbulic,  salicylic,  or  cresylic 


C^(C„H^OJ,  +  jKOH  -  3KC,.H^Oj  +  C,H,{OH), 
Gljckji-insii&nac^        Falaa.  Soft  ^emp,  GtjnfviL 
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acids;  thymulp  tar,  sulphur,  ichlhyol,  naphthaUn,  camphor, 
excess  of  glycerol  ib  sometimes  added ^  which  is  a  valuable  i 
in  certain  soaps.  In  the  manufacture  of  soap,  the  aLkali  is  eitt 
with  the  fat  or  with  the  free  fatty  acids  previously  set  free  w 
heated  steam.  In  the  first  case  the  glycerol  is  left  in  the  sci 
second  the  glycerol  has  been  removed.  After  the  format| 
soap,  it  is  separated  from  the  solution  either  by  evaporalj 
and  allowing  it  to  st^Udify,  or  by  precipitating  it  from  ill 
by  the  addition  of  salt*  The  flaky  precipitate  rises  to  the  j 
separated,  meltaK  and  cast  into  molds.  The  addition  of  a  mj 
to  a  solution  of  soap  sets  free  the  fatly  acid.  ,1 

NaCi,H„0,  +  HCI  -  HC^^H«0,  +  NaCI.  j 

^ranc  Add.  I 

When  a  solution  of  a  soluble  s<.iap  is  added  to  a  water  i 
the  heavier  metiils  in  s*i)ulion,  an  in^luble  soap  is  usually 
Hard  waters  usually  owe  their  hardness  to  the  salts  of  cal 
magnesium.    The  soaps  produced  in  this  case  are  the  insolub 
and  magnesium  soaps. 

White  castile  soap^  sapo  (IT,  S*  P,),  sapo  durus  (Br.)| 
made  from  sotlium  hydroxide  and  oli\'e  oil  It  is  strongh 
hard,  yet  easily  cut  when  fresh,  having  a  fain^  peculiar* 
rancidity,  and  a  disagreeable  alkaUne  taste.  It  is  soluble  in 
in  alcohol;  more  readily  with  the  aid  of  heat.  It  is  used  | 
emplastnim  saponis  and  linimentiim  sapoms. 

Sapo  animaulis  (Br.)  is  a  soap  made  from  sodium  hydro 
fied  animal  fat,  consisting  chiefly  of  stearinp  containing  at 
per  cent,  of  water- 
Soft  soap,  green  soap,  sapo  vlridis,  sapo  mollis  (U.  S 
is  a  potassium  soap  made  from  linseed  oil  It  is  a  soft 
mass  of  a  yellowish -brow^n  color,  soluble  in  about  five  parts  I 
a  clear  liquid.     It  is  also  readily  soluble  in  afcohol. 

Lead  soap,  lead  plaster,  emplastnim  plumbi  (U,  S 
is  a  soap  prepared  by  precipitating  a  warm  solution  of  soi 
solution  of  lead  acetate,  with  constant  stirring,  kneading  the 
to  remove  water,  and  rolling  into  cylindrical  forms.  It  is  a 
white,  pliable  or  tenacious,  but  not  greasy  mass,  gradually  a 
brownish  color  on  exppsure  to  the  air.  It  is  insciuble  in  wi 
soluble  in  benzene  and  chloroform.     It  is  used  in  making  sm 

Ammomum  soap  occurs  in  linlmentum  ammoniae  (U.  I 
This  liniment  is  made  from  ammonia-water^  oleic  acid,  a 
seed  oil,  with  the  addition  of  five  per  cent,  of  alcohol. 

Lime  soap  is  a  constituent  of  linimenttmi  calcis  (TJ,  S 
or  carton  oil.  This  is  prepared  by  shaking  together  equa 
of  li me- w^a ter  and  li  n seed  oi  1, 
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OXroATIOH  PRODUCTS  OF  ALCOHOLS.  1 

The  oxidation  products  of  alcohols  have  already  been  referred 
to  on  page  314-  A&  there  stated^  the  primary  akoholsj  when 
waurmed  ^-jth  oxidizing  agents,  as  a  dilute  somtion  of  sulphuric  and 
^^^g^J^^^^P^.pgU^nim  pm'inaji^nate,  jael3  aldehydes^  jfE31g 
secondary  aJcoholF  YJ^ld  1^'**""'"=^  The  f uriEer"'aciidn~^  the  oxidizing 
agent  converts  the  aldehydes  into  organic  acids.  The  oxidation  always 
attacks  that  carbon  atom  of  the  alcoholic  molecule  to  which  the  hydroxyl 
is  fijced.  It  is  evident  that  in  polyatomic  alcohols  the  oxidation  mjiy 
be  limited  to  one  point  in  the  molecule,  giving  rise  to  the  production 
of  aldchyde-alcohob,  ketone-alcohob,  i*r  alcohol-acids.  The  hexoses 
afford  examples  of  the  first  two  classes  in  the  aldose  And  ketoses. 

tt^  !*•)  «*M.^^-^»^^^-^-^      jgE  ALDEHYDES. 

The  aldehydes  are  compounds  forraed  by  the  o.tidation  of  the  pri- 
man*  alcohols.    Only  those  alcohols  cootaining  the  group  —Q(/z.     can 

form  aldehydes,  which  group  becomes  — Ct  o    which  is  characteristic 

of  aU  aldeh}'des.  They  differ  from  the  corresponding  alcohols  by 
luiving  two  atoms  of  hydrogen  remo\ed;  thus,  ethyl-akohul  forms 
ethyl*  or  acetic  aldehyde, 

C^-C^2|j  +  O  -  CH,  ^*^^H  +  ^*^'  \ 

By  further  oxidation  aldehydes  yield  the  corresponding  acids.  It 
will  be  obser\^€d  that,  as  two  atoms  of  hydrogen  have  been  removed 
without  putting  any  atoms  in  their  places,  aldehydes  are  un^turated 
bodies.  On  this  account  they  are  very^  liable  to  undergo  changes  with 
leageDts.  Thej'  are  especially  prone  to  undergo  oxidation  to  pnnduce 
aijffa  and  therefore  act  as  >tr'>n;^  rLJudiig  agcnts-  They  can  also 
take  up  hydrogen  when  treattd  with  sodium  amalgam,  and  regener- 
ate the  alcohol.  They  combine  with  ammonia  to  form  aldehyde 
ammoiuas,  and  with  the  acid  sulphites  of  the  alkalies  to  fcrm  crys- 
lalline  ci>mpciunds.  Aldehydes  unite  with  hydox>'lamint  NHjGll,  to 
fomi  OiimeSi  and  with  hydrazlns  to  form  hydrazooes-  They  restore/ 
the  red  color  to  magenta  (rosanilin  hydnjchbratc)  which  has  been 
reduced  and  decolorized  with  sulphurous  acid.  This  is  used  as  a  lest 
icn-  aldehydes  in  general.  \Vi(h  chli>rine  and  bromine  they  unite  to', 
lonn  the  chloride  or  the  bromide  of  the  oxygenated  radicaL  With 
HjS  they  form  sulphaldehydes. 

I.  jQHjHO  +  O,  *  aC,H,OOH.  j 
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3.  C,I  VIO  +  NH,  -  C,H,<^.g^ 

4.  C,H,HO  +  CI,  «  C^.OCl  +  HCl. 

5.  C,H,HO  +  H,S  =  C,H,HS  +  H,0. 

The  aklehvdes  do  not  contain  hydroxvl,  as  shown  by  their  reaction 

wthPCU. 

CH.CHO  +  PCU  =  CHaCHCl,  +  POClj. 

In  removing  ox}'gen  two  chlorine  atoms  are  substituted,  while  if  hydmxyl 
were  present  this  would  be  remove<i  and  CI  take  its  place. 

Preparation. — i.  Formaldehyde  and  jx)lymcrs  of  this  com|)ound  (gluccse, 
etc.)  are  formwl  in  growing  plants.     (Sec  p.  521.) 

2.  The  aldehydes  may  be  artificially  formed  by  partial  oxidation  of  priman* 
alcohols. 

2C,H»OU  +  O,  =  2C,H,HO  4-  2ll,0. 

3.  They  may  also  be  prepared  by  the  action  of  nascent  hydrogen  (sodium 
amalgam)  uiK>n  the  chlorides  or  anhydrides  of  the  corn^sponding  acids. 

C,HJDC1     +       H,    =    CjITyHO    +    HCl. 
Acrtyl  Chloride.  Acetic  Akli-hydc. 

C^H  O  ^  ^      +     2H,    =    2C2H,nO    -f    H,o. 

Acetic  .Anhydride.  Acetic  AkKhy«Je. 

4.  By  distilling  a  mixture  of  the  calcium  s;ilt  of  the  c<>rres|K>nding  acid  with 
calcium  formate. 

Ca(CHO,),  +    Ca(C,H-(X\  = 

Calcium  Furmatu.       Cakium  Itutyrate. 

2CaCO,       +       j(\ILHO. 
Calcium  CarlKjnalc.     l*utyric  .AJdehyilo. 

Formaldehyde^  CH,0,  or  H — C— p^,  is  produced  by  the  dn^  distilla- 
tion of  calcium  formate,  or  by  the  o.xidation  of  methyl-alcohol,  by  passing 
a  mixture  of  the  vapor  with  air  over  a  hot  spiral  of  platinum  or  a>pper. 
The  heat  of  the  combustion  keeps  the  spiral  at  a  dull  red  heat  as  long 
as  the  air  and  vajwr  are  supplied.  The  gas  is  then  passed  into  water 
in  which  it  is  freely  soluble.  The  gas  has  a  very  iningent,  irritating 
odor,  and  shows  a  marked  tendency  to  polymerize  into  paraformal- 
dehyde, (CHjO)j,  a  white,  crjstalline  solid.  When  formaldehyde  is 
left  in  coijtact  with  lime-water,  it  forms  a  mi.xture  of  formosc,  CaH,,Oe, 
and  acrose,  CjH,jO,.  This  reaction  is  one  of  the  stei)s  in  the  formation 
of  other  sugars  by  synthesis. 

Formalin^  liq/  formaldehydi  (U.  S.  P.).— A  forty  |>er  cent, 
solution  of  formaldehyde  in  water  is  sold  under  the  name  of 
formalin.  This  is  used  as  an  antiseptic  and  UhhI  preservative. 
The  gas  is  generally  used  for  room  disinfection,  and  is  either  pre- 
pared by  specially  constructed  lamps  for  burning  w(XKi-ala>hol  or 
the  gas  is  set  free  from  formalin  by  some  dehydrating  agent,  like 
calcium   chloride,  in  a  closed  cylinder,  or  by  heating  the  formalin. 
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FcM"  room  disinfection  it  is  necessary  to  use  six  ounces  of   formalin 
for  each  iocx>  cubic  feet  of  air-space  to  be  disinfected. 

Dilute  formalin  is  used  for  preserving  and  hardening  tissues.  It  has  the 
remarkable  property  of  converting  albuminous  substances  and  gelatin  into  a  hard, 
clastic  mass  quite  insoluble  in  water.  White  of  egg,  when  left  in  contact  with  it 
for  half  an  hour,  is  converted  into  such  a  mass.  Brain  substance  becomes  like 
rubber,  and  a  solution  of  gelatin,  to  which  25  drops  of  formalin  Ls  added  for  each 
500  grams  of  gelatin,  is  changed  into  a  hard,  transparent,  insoluble,  odorless  mass, 
reducible  to  a  Dne  powder.     This  has  been  used  as  a  surgical  dressing. 

When  formalin  is  eva[x>rated  over  concentrated  H2SO^,  a  part  of  the  formaldc- 
In-de  is  left  as  a  while,  polymeric  mass  called  ozy methylene,  which  on  heating  is 
reconverted  into  formaldehyde. 

Formaldehyde  does  not  form  aldehyde -ammonia  with  ammonia,  as  do  the 
other  aldehydt-s,  but  hexa-methylene-amin,  C,H,jN^.  It  does  not  resinify  with 
KOH  like  acctaldehyde,  but  is  converted  into  methyl  alcohol  and  potassium 
formate. 

2CH,0  +  KOH  =  CHjOH  +  KCHOr 

Acetic  aldehyde,  aldehyde,  CjH^O,  is  prepared  on  a  large  scale 
in  the  manufacture  of  alcohol,  when  it  distils  over  with  the  first  of  the 
distillate.     Commercial  alcohol  generally  contains  traces  of  aldehyde. 

It  may  be  prepared  by  distilling  from  a  retort  a  mi.xture  of  3  parts 
of  cr}-stals  of  potassium  dichromate,  4  parts  of  sulphuric  acid,  12  parts 
of  water,  and  4  parts  of  alcohol.  The  receiver  must  be  placed  in  a 
freezing  mixture.  Manganese  dioxide  may  be  used  instead  of  the 
dichromate. 
3CyFI,OH  +  KjCrjO^  +  4H^O,  =  3CH3CHO  +  CrjCSO,),  +  K^SO,  +  7H,0. 

The  impure  aldehyde  thus  obtained  is  treated  with  dry  calcium 
chloride  to  remove  water,  aifd  then  mixed  with  twice  its  volume  of 
ether,  surrounded  by  a  freezing  mixture,  and  saturated  with  dry 
ammonia-gas.  The  crystalline  aldehyde-ammonia  thus  formed  is 
separated  and  distilled,  with  dilute  sulphuric  acid,  from  a  flask  or 
retort  connected  with  a  well-cooled  receiver.  It  may  then  be  freed 
from  water  by  standing  over  fused  calcium  chloride  and  redistilling. 

Aldehyde  is  a  colorless,  transparent,  mobile  liquid,  boiling  at 
21®  C.  (69.8°  F.).  It  has  an  acrid,  suffocating  odor,  irritating  the  eyes. 
It  mixes  in  all  proportions  with  water,  alcohol,  and  ether. 

It  acts  as  a  strong  reducing  agent.  If  mixed  with  a  solution  of 
ammoniated  silver  nitrate  and  warmed,  the  silver  is  reduced  and 
deposited  upon  the  glass  in  the  form  of  a  mirror.  It  gives  the 
general  reactions  of  the  aldehydes.  A  general  test  for  the  aldehydes 
is  their  property  of  restoring  the  red  color  of  a  solution  of  fuchsin 
which  has  been  decolorized  with  sulphurous  acid. 

The  vapor  of  aldehyde,  when  inhaled,  produces  asphyxia.  When 
ihe  liquid  is  taken  internally  it  produces  intoxication.    Wlien  pure 
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i.ix'^yde  is  left  for  s*.^^e  time  in  contact  with  HCl,  SO,,  COCU.  or 
IrvTI,,  it  undergi-e?  d  chj.r.ge.  forming  two  polymeric  comix>und5 
ir.own  as  paniLieiiV'ie  ar.d  metal- !ehvde. 

Paraldehyde,    paraldehydum    (U.  S.  P.,  Br.),   (C^HsOH),,  or 


H 


CH,— c ;'      o         i?  uied  in  medicine  as  a  hypnotic.    It  is  prepared  by 


c^ 


treatfr.^  :.'.  \t'z'-  -.t  ^::h  a  very  small  quantity  of  HCl  or  with  ZnCl,.  The 
temper. -V-T:  ::  :>.e  1::-:.:  rises,  and  almost  complete  conversion  into 
par.ilit>  .:  i-.irs  ylL.e.  Purltication  is  enecied  by  freezing  out  and 
reaif}iri:  Firi'.ier;  :e  L>  j  clear,  colorless  liquid,  with  an  ethereal 
oii.^r  .ir  :  .■  :ir~:~i:.  .i::irvArd  O-X^Iing  taste.  Specific  gravity,  0.990 
at  25-  C.  --"  F.  .  F-  il^  ^:  124.^  C.  (255.2°  F.),  and  congeals  to  a 
cr\suli:r.e  russ  ..:  :r-  C  5c=  F.^.  One  pan  dissolves  in  ten  of  water, 
forming  a  r.e-:r..*.  jv'.-j:::r-.  I:  is  miscible  in  all  proportions  with  alcohol 
and  ether.  B^CL  dr.i  AgXO,  solutions  should  give  no  precipitate 
with  it  ^iibser.ce  of  sul:  r.,^:es  and  chlorides),  and  it  should  give  no 
a>loration  af:er  v-^'-.?  ho.r?'  orr.tact  with  a  solution  of  KOH  or  NaOH 
(absence  of  aldehyde  .     I:  miy  be  given  in  doses  of  20  to  40  minims. 

Metaldehyde,  l\H»^^\.  is  formeii  from  aldehyde  by  HjSO^  or 
HCl  gas  at  a  :en::H?ra:ure  below  0=  C.  (32°  F.).  It  is  a  white, 
crysulline  5<.l:i.  .vcurrl-g  in  needles  or  prisms.  When  heated,  it 
sublimes  with  'u:  r.:el:-r.^  a:  lu*  i/»  115-  C.  {2^4^  to  239°  F.).  It  is 
insoluble  in  waiter,  bu:  >.^1-Me  in  hot  alcohol  and  ether. 

It  also  has  been  u  jcc  as  a  h\"pnotic. 

Sulphaldehyde,  C;.H,S.  is  prepared  by  the  action  of  HjS  upon 
aldehyde.  It  is  an  o:iy  liquid  with  a  ilisiigreeable  odor,  ^\'hen 
treaitri  with  acids  it  |:\>lymerizes  like  aldehydes,  producing  a  solid 
thioparaldehyde.  giving  physio lodcal  enects  like  those  of  paraldehyde. 

trichloracetaldehyde,  or  chloral,  CClj—CHO,  is  an  aldehyde  in 
which  I  he  three  hvdrogen  atoms  of  the  radical  have  been  replaced  bv 
three  .hlorlne  atoms;  thus:  CHXOH  -^  2CI3  =  CCI3COH  +  3HCi. 
U  i>  j)r«.iiarol  by  passing  dr}-  chlorine  into  absolute  alcohol  until  it 
is  >.iiuralol.  The  liquid  separates  into  two  layers.  The  lower  layer 
is  >c|ui\iinl  and  >liiken  several  times  with  HjSO^.  and  finally  distilled 
tVuin  ilic  .t*.id.  h  is  thus  obtaincvl  as  a  colorless,  oily  liquid,  having  a 
puiigcni.  irritaiing  odor  and  a  bitter,  acrid,  caustic  taste.  It  boils  at 
g4.5'  C  iJOJ  ■  K.>;  sp.  gr..  1.502.  It  is  very  soluble  in  water,  alcohol, 
and  ciiKT.  It  dissolves  the  halogens,  sulphur,  and  phosphorus.  It 
.  :i>ACiN  'u  ;iU  ilie  general  tests  of  the  aldehydes  mentioned  alx>ve. 
^Kidi.iJMg  ageiit>  convert  it  into  trichloracetic  acid,  CCI3COOH,  a 
*.!'iv.»iieN.N,  ».iy>talline  si)lid,  soluble  in  water.  Trichloracetic  acid  has 
L»ccii  j>cd  a>  a  delicate  lest  for  albumin  in   the   urine.     Chloral  is 
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converted  into  chloroform  and  a  formate  by  the  alkaline  hydroxides. 

C,n,OH  +  NnOH  ^  NaCHO,  +  CHCl,. 

This  reaction  is  employed  to  prepare  a  very  pure  chloroform  for  anes- 
thetic purpijses.  It  unites  with  water  to  form  chloral  hydrate. 
CaOomlum  hydratum  (U.  S.  R).  CCl^CHO  ,  H.O,  is  a  colorless, 
tian^iarent,  cr^staHine  stolid,  having  a  pungent  odor  and  an  acrid  t^iste. 
It  vt>bitiliEes  slowly  at  ordinary^  temperatures,  fuse^  at  57"*  C\  (134.6'^ 
F.),  and  boils  at  98^  C\  (208^  F,),  with  partial  decomposition  into 
water  and  chloraL  Chloral  hydrate  is  readily  sc»luhle  in  water. 
Under  the  influence  of  sunhght,  potassium  chlorate  decomposes  chloral 
with  violence. 

Chloral  combines  with  a  considerable  range  of  organic  substances. 
TilTien  dissohed  in  alcohol  the  temperature  rises,  and  chloral  alco- 

bolate  crystallizes  out,  CCljCH^^^^    WTien   triturated  with  an 

— U — L5H5. 
equal  wcl^t  of  camphor,  menthol,  thymol,  phenol,  salol,  or  acetanilid, 
chlorml  hydrate  fojms  a  dear,  liquid  mixture, 

Chloml    combines    with    ammonia    to  form    chloral-ammonia^ 
_   ^H 
CCl,    C^OH,  a  white  crj'stalline  pow^der,  consisting  of  fine  needles, 

fusible  at  62"^  to  64^  C,  {143.6°  to  147.2°  F.),  soluble  in  water,  and 
e^ly  decomposing  when  in  solution.  It  has  been  used  as  a  h>*|)notic 
in  doses  of  fifteen  to  thirty  grains, 

Ccnnpouiids  of  Chloral. — Chloral  shows  a  readiness  to  combine 
with  the  compound  ammonias,  amids,  and  camphors.  Chloral- 
acnmoniuni  (chloralamid)^  chlaral-formamid,  chloralimid, 
ehloral- menthol,  ehlaral-urethanet  chloralose,  and  a  number 
of  yke  compttunds,  or  mixtures,  have  been  introduced  and  advocated 
as  remedies  for  various  purposes.    Most  of  these  are  mentioned  elsewhere. 

Action  on  the  Economy. — It  has  been  claimed  that  the  action 
of  chloral  on  the  economy  is  due  to  the  formation  of  chloroform  and 

formate,  by  decomposition  after  absoqjtion,  or  in  the  intestine, 
ich  is  probably  not  the  case. 

ttlien  taken  In  an  overdose,  chloral  acts  as  a  poison,  thirty  grains 
ving  proved  fatal,  although  five  or  six  times  that  amount  has  been 
by  others  with  no  bad  effect.  The  symptoms  of  poisoning  by 
dilorai  are  not  uniform  or  ver>^  characteristic.  Strychnine  has  been 
recammended  as  a  physiological  antidote.  The  stomach  should  be 
eiDiytiedt  aiKl  stimulants  given  freely.  Death  is  likely  to  occur  from 
baart-depression.  If  cbbral  is  habitually  used  for  a  long  Ume  it  in- 
duce a  chloral  habit.  .    ^  T  ^ 
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Tests* — Chloral  may  ^*c  delected  in  ihe  contenis  of  tKc  swunad 
liig  rhrni  jilkalinc  w»lH  KOlf,  healing  on  a  water-bath,  and  oonduciUj 
through  a  rcd-ltot  tube*  and  then  allowing  them  to  bubble  tbruugh  \ 
AgNOy  \i  chlora]  is  present  It  dccamficiscs*  giving  off  thtoniform, 
composed,  in  passing  through  the  hot  tube,  into  HCl  and  free  ctt 
HCI  gives  a  white  prctipitatc  of  AgCI.  The  same  ejiperiment  with< 
tii>n  of  KOH,  if  it  gave  piisitivc  resuhs,  would  prove  the  priaeia 
and  noi  chlora^l,  in  tie  contents  of  the  stomach- 


enc^l 


Hypnal  is  a  crystalline  body  formed  by  the  actic 
letniieraturcs,  of  cWoml  hydrate  upon  antip^Tin  in  so!utk 
tastelesSj  odorless  body,  soluble  in  five  or  six  parts  of  w« 
used  as  a  hv'pnotic  and  anodyne* 

Croton  chloralj  or  butyl-chloral,  QH^Cl^COH,  beai 
relation  to  butyl-akohol  that  chloral  does  tu  ethyl-alcohoh 

QCUOl 

Chlof^ 


C,H,OH 

Ethyl  akoM. 
C,H,OH 


QJApn 

AJctehyde* 

CH,OH 

Butyl-ttidchrdc. 


C,H,CI-C 

Tndikirbutyr-a 


It  is  prepared  by  substituting  aldehyde  for  alcohol  ii 
described  process  for  the  preparation  of  chbrah  It  is  an 
of  pungent  txlor,  tx.nHng  at  164^  C.  (327.2**  F.).  It  coi 
water  to  form  croton  chloral  hydrate,  butyl-chloral  hj 

a  crj^stalline  solid  used  in  medicine  as  a  hypnotic. 

Oximes.— When  hydroxy lanun,  NH^OH,  is  made  to  act  on 
kctoncst  a  molecule  of  water  b  eliminalcd  and  there  results  a  con 
is  calk*d  an  oadme.  Those  derived  fmrti  an  aldehyde  are  called  1 
those  from  ketone  arc  callerl  ketoziines. 


CH.COH  +  NH,OH 
Acrtaldchydc. 

NHpH      ^ 


CH,C-NOH  +  HjO. 


I 


g«;>co 

Acetone^ 


Acetkeiojomc, 


Chloral-oximes,  a  class  of  bodies  formed   by  the 
h}x]roxylamin  with   aldehydes  and  ketones,   and  have  re 

recommended  as  hypnotics. 

The  follomng  chloral -oximcs  have  been  prepared  and  used 

Chlonil-acctQtinic,  CCl^COH, .  ON  |  ^JJ';  chloral-as^taldoiim 

NOCH(OH)CCI,;  chloral -bcmaldoiime,  C„H,CH  =  NOCH(OH 
nl-camphoroxime,  C„H,s  =  NOCli(OH)Car  AH  these  oxime 
line  compounds  easily  soluble  in  alcohol  and  ether,  and  are  decsoii 
water. 

Chloralose»  or  anhjdrogluco-chloral,  C,H,(Cl,0^4,  \%  the  nai 
compound  formed  by  beating  chloral  and  glucose  for  one  hour  at  100^ 

CCJ,COH  +  C;^„0*  -  C,H„Cip.  +  HjO. 
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It  forms  fine,  colorless  needles,  melting  at  184**  C.  (363°  F.).  It  is  soluble  in  170 
parts  of  water  at  15®  C.  (59**  F.)»  readily  soluble  in  alcohol  and  ether.  It  has  a 
bitter  taste.  It  has  been  recommended  as  a  substitute  for  chloral,  and  is  claimed 
to  be  free  from  the  unpleasant  after-effects  of  chloral  upon  the  heart. 

Tests  for  the  Aldehydes. — i.  With  the  exception  of  formaldehyde,  they 
resinify  and  turn  dark  with  the  alkalies. 

2.  Reduction  of  an  ammoniacal  silver  nitrate  solution.  This  solution  is  pre- 
pared by  adding  excess  of  KOH  to  a  solution  of  AgNO^  and  then  NH4OH  until 
the  precipitated  AgjO  dissolves.  When  this  solution  is  warmed  in  a  test  tube 
with  a  dilute  aqueous  solution  of  an  aldehyde,  the  silver  is  reduced  and  forms 
a  mirror  on  the  sides  of  the  tube. 

3.  -An  aldehyde  restores  the  red  color  of  solutions  of  magenta  which  have 
been  decolorized  with  H^O,. 

4.  They  reduce  Fehling's  solutions. 


ACETALS. 

^  The  aldehydes  when  warmed  with  alcohols,  in  presence  of  a  small 
quantity  of  hydrochloric  or  acetic  acid,  combine  with  them  with  the 
dimination  of  water. 

CH.CHO  +  2C,H,OII  =  H,0  +  CH,.  CH<5p»2* 
Akfchydc.       Eihyl-acohoL  Acetal 

Such  compounds  are  called  acetals.  They  may  also  be  formed 
by  the  slow  oxidation  of  the  alcohol,  when  the  aldehyde  formed  com- 
bines with  a  part  of  the  alcohol.  They  may  be  regarded  as  compounds 
formed  by  replacing  the  oxygen  of  an  aldehyde  with  two  oxyalkyl 
radicals. 

OCH 
Methylal,  C^a'^oCH*  ^  obtained  by  oxidizing  methyl -alcohol  ^^ith  sul- 
phuric add  and  manganese  dioxide,  distilling  the  mixture,  and  collecting  that  por- 
tion coming  over  between  40®  C.  and  50**  C.  (104®  F.  and  122**  F.).  The  pnxluct 
is  redistilled,  and  freed  from  water  by  standing  in  contact  with  dr}'  K^COj.  The 
reaction  is  first  to  oxidize  a  part  of  the  methyl-alcohol  to  formaldehyde,  which 
reacts  uf>on  more  CH,OH. 

CH,0  +  2CH,OH  -  CH,g^[|»  4-  H,0. 

Methylal  is  a  colorless,  mobile  liquid,  with  a  penetrating  ethereal  odor,  and 
boiling  at  42**  C.  (107.6°  F.).  It  is  soluble  in  thirteen  parts  of  water,  and  in  al- 
cohol, ether,  fixed  and  volatile  oils.  It  should  not  decolorize  potassium  perman- 
ganate solutions  acidified  with  sul[)huric  acid.  Strong  H^SO^  decomposes  it,  but 
alkalies  do  not. 

It  has  been  used  as  a  hypnotic,  and  as  a  cerebral  sedative. 

Acetal,  CH,CH<Q^«u»  is  formed  when  acetic  aldehyde  is  heated  with 
alcohol  for  some  time,  with  about  one  per  cent,  of  HCl. 

CH,  ""COH  +  2C^,OH  -  CH,  ~CH  ^^»U»  +  H,0. 

Aldehyde.  AkoboL  AcetaL 
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It  Es  also  found  in  raw-grain  jlIcoqoI. 

It  i&  a  colorbss  liquid  ofagtc^^bb  ts^tc*  boOIng  ^t  104°  C.  (a  19^  F-)^ 


4 


5^' 

Gi  second 


KETONES. 

These  bodies  are  ihe  first  result  of  the  oxidation  df  sS-ondai 

I 
alcohols^.  i,f  upon  an  alcohol  that  contains  the  group  H-C~0 

instead  of  HjCOH,  as  in  the  primary  alcohok. 

The  ketones  all  contain  the  group  CO.    The  relation  of 
bodies  will  be  made  clear  by  the  following  graphic  formula?: 


+     H,0. 


C^^H,  +  O  =  C=H,  +  up. 


i=I^ 
^^^ 


H— 6— O— H  +  O    =    6=0 

IsoprctpvL-  Dimethyl  ketatic.  Froml^  Plropfl 

In  the  nomenclature  of  the  ketones,  the  name  is  made  to  contain 
the  names  of  all  the  radicab  attached  to  the  CO"  group.  Thus, 
metliyl-etliyl-ketoiie  would   express   the  name  of  the   follo^ing:^ 

CH,— CO— C^. 

Ketones  are  distinguished  from  aldehydes  by  their  behavior  wii 

reagents. 

Nascent  hydrogen  regenerates  the  secondary  alcohol  from  ketones 
and  a  primary  alcohol  from  aldehydes.  Oxidation  produces  with 
aldehydes  the  corresponding  acid  having  the  same  number  of  ca^rbon 
itoms,  while  the  oxidation  of  ketones  sphts  the  molecules,  with  the 
formation  of  two  acids* 

C=H,  o 

C-p  +  o,= 

Acriaac, 

Ketonic  Alcohols  or  Hydroxy^ketones- — The  oxidatinn   of  a 
polyatomic  alcohol  may  give  rise  to  compounds  having  both  the  ketoi 
and  the  alcohol  groups: 

CH,.CO.CH,OH. 

AcetDiM  Alcohol. 

Alcoholic  aldehydes  are  also  known. 

Acetone,  acetyl- me  thy  lid,  dtmethyl-ketone^acetonuHi  (U.S.R 
(CHJjCO,  is  formed   by  the  dry  distillation  of  the  acetates*  sugar, 
tartaric  acid,  and  by  a  number  of  oilier  reactions*     It  is  usually  obtaitied 
by  the  distillation  of  calcium  acetate 


»es 

th     I 


Actdc 
Add. 


OH 
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Caldum  Acc^tate. 


aCCHJjCO  4^  2CaCO,. 
CaJ-bDOjilc. 


W 


\^5 


It  may  be  prepared  by  passing  the  vapor  of  a  sixty  per  cent,  acetic 
add    through   a   rotating    tubuUir   still,  containing   pumice-stondi  or 
barium  carbonate,  healed  to  a  duil-red  heal  (Squibb). 
aHCjHjO,  -  QH,0  +  CO^  +  H,0, 

Acetone  is  present  in  %*€!}'  small  quantities  in  normal  urine  and 
bbod,  but  in  larger  quantities  in  the  acetonuria  of  diabetes  meUitus 
(p.  641)  It  is  a  transparent^  ciilorless  liquid,  ha^dng  a  peculiar  ethereal 
odor-  It  is  miscible  with  alcohol  and  ether.  It  is  misdble  in  water, 
but  separates  on  the  addition  of  salts.  It  shows  the  aldehyde  reaction 
with  fuchsin  and  sulphurous  acid.  It  is  a  good  solvent  for  resins, 
fats»  camphor,  gun-cotton,  etc.  It  is  used  as  a  solvent  in  varnish 
manufacture.  Its  sp.  gr.  is  0.790  at  25°  C,  {77°  F.).  It  boils  at  56*^  C. 
(132.8°  F.)*  Chlorine,  h^-pochbrites,  or  bromine,  in  presence  of  alka- 
converts  it  into  chloroform  or  bromoform,  and  this  reaction  is 

ployed  for  the  preparation  of  chloroform.     For  the  detection  of 

tone  see  page  642. 


|t(An^lA^^AtA  I 


^  ORGAWTC    ACID 

The  characteristic  feature  of  an  organic  add  molecule  Is  that  It  ^ 
must  contain  the  carboxyl  grou p^C O Q H*  The  bastdty  of  the  add 
will  depend  upon  the  numl>cr  of  these  groups  contained  in  its 
iBolecule.  The  organic  adds  partake  of  the  general  properties  of  the 
Inorganic  adds.  They  may  be  referred  to  the  water  t>'pe,  and  be 
€Dnsjdered  as  one  or  more  molecules  of  water,  in  which  one -ha  If  the 
en  has  been  replaced  by  an  organic  compound  radical  con- 
ng  oxj'gen — a  negative  radical^while  the  remaining  hydrogen 
mnalns  as  replaceable  or  basic  hydrogen. 

H— O- 

TifUHc  Add. 


:}c,HA. 


Wctrr. 


Atetlc  Add- 


As  in  inofganic  adds,  only  those  hydrogen  atoms  which  are  linked 
it  radical  by  ox}'gen  are  replaceable  by  a  metal  or  basic  radical. 
flic  adds  may  tje  formed  hv  thp  nYiH.-i^j^^p  n(  primnry  nlrnhnh  i>r 
aefivti^    iiany   otner  organic   belies  furnish  adds  among^^eTr*  | 


1^^ 


Nation  products,  when  the  oxidation  is  violent  enough  to  disrupt 
tieir  molecules.    In  the  ca&e  of  the  primary  alcohols  and  aldehydes 


•  Thef«  »re  a  few  exreptions  to  ihis  statements   Hydttcyaiiic  add,  HCN ;  cyanic 
tad^  H-O-CN  ;  and  urk  acid,  C^HiK^O,,  art  included  in  these  c^ceptioos. 
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nt)  such  disturbance  of  the  molecule  tak^  place, 
an  alkali  favors  the  formation  of  an  add  by  03Cidation» 

Adds  may  be  monobasic^  dibasic,  tribasic,  etc.,  ^ 
their  molecules  cmnUviri  otic,  Ivvu,  thrre,  etc.,  mrbof 
— COOH.  Adds  may  also  contain  one  or  more  hydro' 
OHp  which  are  not  basic,  because  mn  immetliatcly  att^ 
aissociat^  with  CO,  to  form  the  carlx^xyl  grou[>.  The  1 
these  hydroxyl  groups  i^  callc<.l  alcoholic  hydrogen^  to^ 
it  from  the  other  replacaible  hydrogen,  designated  as  t 
number  of  hydroxyl  groujis  in  a  mtjlccule  nf  either  an  al 
add  is  said  to  be  its  atomicity.  It  is  evident  that  the  t 
an  acid  may  be  greater  than  its  basidty,  when  it  is  saj 
alcohol  acid* 

ifc    Lactic  acid^  HOOC  ,  CHj .  CHj .  OH,  is  a  good  examf 
Inmic  and  mtmobasic  acid. 

The  numl>er  of  organic  acids  known  is  %'cry  large;  oif 
the  most  prominent  ones  can,  therefore,  be  mentionoi  here, 

Of  ihe  many  series  of  acids,  the  most  numerous  and  in 
those  of  the  acetic  or  fatty  acid  series,  corresponding  to 
gas  series  of  hydrocurUms. 

The  acids  of  ihis  series  are  obtained  by  the  oxidation  c 
spending  alcohols  or  aldehydes. 

Alcohol.  Accik  Acid.  j^ 

Aldehyde.  Acetic  Add. 

They  may  also  be  obtained  by  the  action  of  the  alt 
upon  the  cyanides  of  the  radical  of  the  next  lower  alcoh 

CH^CN  +  KOH  ^  II^O  -  NH,  +  KC,H,C 

A  few  have  been  obtained  by  s3mthesis,  starting  with  C 
oxide, 

CO  +  KOH  =  CHOO— K,  i 

Faiafis.  Format  o, 

THE  FATTY  ACIDS,  OR  ALIPHATIC  ACIDS. 

The  following  is  a  list  of  the  principal  members  of  tt 
series.  Genera!  formula,  CJIj^+jCOOH.  They  are  a 
acids— f.  e.,  formed  from  saturated  hydrocarbons* 

Isomerism  among  the  acids  of  this  group  is  confined  te 
carbon  radicals.  Thus,  there  will  be  two  isomeric  ai 
formula  QH^COOH,  because  there  are  two  propyl  radicals- 
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Fatty  Aaos. 
**W     #^     ^<^^ 

m^  ftcid,  HCOOH, 

rtic  add,  CH.COOH,,.. 

?tpk>ni.:  ftcid,  C^HiCOOH,. , .  ■ , 

id,  CjHjCOOH, 

\cid;c,H,COOH,,... 

id,  C,Hi,COOH,  ,.,., 

...   add.  C^H^COOH,... 

id,  CtHi^COOH, 

add,  QHitCOOH,--. 
■U  C,H,^OOH,  ,, 
Aum  *<id,  Ci,H-COOH,-. 
-Ijrmiic  acid,  Cj^H^COOH, 

:  ftdd,  CjaH^COOH, 

itadd.  C«H,COOH,..-. 

ati4  C,,H^COOH.,.,.., 
:add,Cjl-COOH,..-- 
acid,  C^fiyCOOH,. 

[odd,  C^H^COOH,.. 

mod,  Cj^HaCOOH,, 
*dd,  CVI^COOH, 


FVAIHO 

BoiLmc 

Fqjwt. 

POIHT. 

4«*C 

ioo<^C 

ij'^C, 

iiS^C. 

'21^  c 

140^  c. 

-20°  c. 

162^  c. 

-i6«C. 

185^  c 

-  i**C. 

205^  c. 

-10^  C, 

?24^  C. 

M^C 

2^6'*  C. 

iS-^*  c. 

2S4'*C. 

%o-Q. 

370*  c. 

45*^  C 

^  -  - 

S4^C., 

--- 

fe**C 

-.- 

6o«C. 

70°  C. 

.  .  - 

75"  C. 

-  •  < 

76*  C. 

-  -  _ 

77"  C. 

... 

So^C 

»  •  > 

90*  L\ 

■" 

OCCITIIEHCE. 


Red  ants,  nettles. 

Vinegar, 

Sweat,  oxidation  of  oik. 

Randd  butler. 

Vak-mii-foot. 

Rancid  buttcf. 

Oiddation  of  castor  oil, 

Randd  butter,  cocoatiui  oil. 

Geranitjm  -leaves , 

Btitler. 

Bay-bemes, 

Cocoanut    oil,   nut  meg, 

butter* 
PaJmitic   add,    palm  oil, 

ammal  fats, 
Synthtfsis. 

Most  solid  animal  fats. 
Certain  vegetable  oils. 


Fat  of  hyena. 
Beeswax, 


km  HONATOMIC  MOIfOBASZC  ACII^. 

B^V  CfiRanOi       Cnllin  -  |CQOH- 

^V     Of  the  large  number  of  adtls  in  this  group,  we  shall  notice  formic, 

j^^eirttt%  butyric,  valerianic,  pabniUci  and  stearic, 

\/  FonxLic  acid,  CHOO-H^  is  a  colorless  liquid,  of  a  very  add 
reaction  and  sharp,  pungent  odor.  It  boils  at  about  IC30*^  C.  (212** 
F,),  and  soBdifies  at  about  o^  C.  (32°  ¥.).  It  exists  ready  formed 
In  the  red  ant,  stinging-net  tie,  and  pine-needles.  It  acts  as  a  reducing 
igent,  redudng  silver  and  mercury  skills  and  depositing  the  metals. 
Il  IS  Hied  in  silvering  glass,  to  reduce  the  silver  which  deposits  upon 
the  walls  of  the  containing  vessel.  The  best  methtxl  of  obtaining  it 
ii  by  heating  to  about  100^  to  110**  C.  (212°  to  230^  F,)  pure  anhy- 
dmus  glycerin  and  dr%^  oxalic  add,  adtling  more  oxalic  acid  from  time 
to  time«  and  continuing  the  distillation.  Carbon  monoxide  dissolved 
in  potassium  hydroxi^^ie  yields  some  iKilassium  formate* 
K^  Acetic  acid,  Acidtim  Aceticum  (U.  S.  P.,  Br.) ,  CiH^OO-H,  occuis 
in  the  form  of  acetates  in  some  vegetable  and  animal  fluids,     ll  is  ob- 
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tained  by  the  fennentalion  of  saccharine  fluids  after  they  have  under- 
gone the  akohoUc  fermentation,  or  by  the  dry  distiUalion  of  wood, 
starch,  etc. 

In  dbtUling  wood,  gases,  melhyUalcohol  (wood -spirit),  acetic  add, 
water,  creosote,  and  tar  are  obtained.  The  liquid  portion  is  distilled 
at  a  gentle  heat,  when  the  alcohol  is  separated-  The  remaining  liquid, 
containing  the  acetic  acid,  is  saturated  with  sodium  carbonate,  evapo- 
rated to  dr>'ness,  and  heated  to  250''  to  350*^  C.  (482°  to  66a°  F.)l 
to  char  the  urry  matters.  The  residue,  containing  scxiium  aceLitc,  is 
dissolved  In  water,  fiJtered,  evaporated,  and  allowed  to  crj^slalhze  ouL 
If  the  free  acid  is  desired,  the  residue,  after  carbonizing,  is^  dLslilled 
with  a  slight  excess  of  sulphuric  acid.  This  gives  a  colorless,  strongly 
acid,  sour  smelling  liquid,  which  crvstallizes  at  about  17^  C.  {63^  F.)  and 
-^is  known  as  glacial  acetic  acid^  acidum  aceticttm  glaciale  (U.  S.  P.), 
^  Acidum  aceticum  dilutum  (U.  S.  P.)  contains  not  less  than  6  per 
cent,  by  weight  of  absolute  acid  and  alxiut  94  per  cent*  of  water. 

Acetic  acid,  when  applied  to  the  skin,  blisters  and  causes  consider- 
able  pain.  When  not  too  strong  it  acts  as  a  st>ptic.  It  is  soluble  in 
water,  alcohol,  and  ether  in  all  proportions.  It  dissolves  resinsj  cam- 
phor, fibrin,  and  coagulate<l  albumin.  It  precipitates  mucin,  and  is 
used  to  separate  this  body  from  its  solutions*  It  is  also  used,  with  the 
aid  of  heat,  as  a  test  for  albumin, 

Substitutioa  products  of  acetic  acid  may  be  formed  at  two  points*] 
The  basic  hydrogen   may  be  exchanged  for  a  metal,  electropositi 
mdical  or  any  alkyl  radical      Substitutions  may  also  be  made  for 
the  hydrogen  atoms  of  the  methyl  group.    Thus,  under  the  action  of 
chlorine,  acetic  acid  furnishes  a  series  of  chlorine  substitution  com 
pounds,  in  which  the  chlorine  is  substituted  for  the  hydrog?en  of  the 
radical;   thus  we  have  monochbr-,  dichlor-,  and  tricblor-acetic  add: 
CjHjClOjH,  CjHCljOjH,  and  CjCljO^H. 

The  last  of  these  is   mentioned  elsewhere  as  a  test  for  albumin  in 
urine.     By  heating  the  monochloracelic  acid  with  ammonia,  the  aniidrv 
gen  group,  NH^,  may  be  substituted  for  the  CI,  giving  amidoacetii 
acid  or  glycocol^  which  wili  be  referre<J  to  again, 
V"       Viaegar.^This  name  is  given  to  the  mixture  obtained  by  the 
fermentation  of  wine,  cider,  whisky ^  molasses,  infusion    of  malt,  etc*, 
under  the  influence  of  the  growth  of  mycoderma  aceti|  and  shou 
contain  at  least  f o_ur  per  cent  of  acetic  acid. 

CJl^OH  +  Oj  =  CyHaO— O— H  ^-  HjO. 

Alcoholic  fermentation  always  precedes  the  acetous. 

As  vinegar  always  contains  more  or  less  of  this  ferment,  called 
mother  of  vinegar,  it  is  customary  to  add  some  of  this  fluid  to  starl 
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ihe  process*  The  fermentation  takes  pkce  slowly,  In  vats  or  casks, 
because  of  the  ^mall  amount  of  surface  presented  to  the  air.  The 
process  is  rendered  very  much  more  rapid  by  allowing  the  fluid  to 
trickle  over  beech-wood  shavings  or  chips,  placed  upon  trays  or  in 
prorated  barrels,  so  as  to  expose  a  large  surface  to  the  air.  After 
having  passed  over  the  shavings  four  times,  it  will  be  found  to  be 
pretty  thoroughly  acetified.     The  temperature  should  be  kept  at  about 

The  vinegar  of  the  market  k  freciuently  contaminated  or  adulterateti 
With  (i)  water;  (2)  mineral  acids,  especially  sulphuric;  (3)  metallic 
impurities^  as  arsenic,  lead,  zinc,  copj>er,  and  tin;  {4)  Wfx>d-vinegarj 
(5)  organic  substances,  such  as  coloring  matters,  capsicum,  etc. 

The  addition  of  water  can  only  be  detected  by  the  estimation  of 
the  percentage  of  acetic  acid. 

The  most  objectionable  aduttcrant  is  sulphuric  add.  Th(^  simplest  method  of 
detecting  free  mineral  acids-  is  Lo  evaporate  a  portion  of  the  vinegar  to  dnncssj  heat 
the  residue  to  duU  redness  for  some  time,  to  convert  the  acetjiles  of  the  alkaline 
xnetak  into  caxbonaU^,  which  sails  can  easily  Lie  delected  by  their  effervescence  with 
hydroctdoric  acid.  If  any  free  mineral  acid  existed  in  ttie  \TnegaT,  it  woii!d  expel 
lie  »ceUc  add  fmm  the  alkali  metals  and  convert  ihcni  into  inorganic  salts,  which 
irmaiji  unchangct)  on  igniiii:»n. 

Another  lest  for  mineral  acids  i^  methyl -violet.  Two  or  three  dn>p5  of  a  aolu- 
tioii  of  thb  compound  (o.t  to  100)  are  added  to  35  c.c.  of  vinegar,  li  0.2  per  cent, 
of  «iiy  mineral  actd  be  present,  the  color  is  blur;  if  0.5  fier  cent<i  blue-green;  if  1 
per  cent-,  green. 

A  lampEe  test  for  sulphuric  acid  h  to  evaporate  a  portion  to  drynesB  in  a  while 
portrlain  dish,  with  a  little  cane-sugar.  Near  the  end  of  the  processj  the  residue 
beromes  black  by  the  charring  of  the  sugar  by  the  acid.  The  poisonous  metals 
likidjr  to  be  found  arc  mercury^  (corrosive  &ublimate)i  copper,  arsenic^  and  lead* 
Tbe$e  metals  may  be  detected  by  saturating  the  vinegar  with  hydrie  sulphide,  or  by 
s^Munte  tests  for  each.  Burned  sugar,  capsicum,  etc.,  may  be  detected  by  taste  or 
odor  in  the  residue  left  on  evaporation.  The  acetates  are  eliminated  from  the  body 
«s  carbonates. 

Ptopiomc  ftcid^  C^j^COOII,  is  a  colorless  hquid,  boiling  at  140*^  C.  (2S4*  F.). 
U  resembles  acetic  acid  in  odor  and  taste.  Itis  salts  are  soluble  and  cr^'stal livable* 
It  is  best  prepared  by  heating  ethyl-cyanide — propio-nitril — with  KOH  until  the 
<idor of  «tl>er  has  disappeared,  when  the  propionate  of  fiotassium  is  obtained.  The 
mi-id  may  be  obtained  by  decomjjo&ing  this  salt  with  H^O^*  The  acid  is  produced 
^luring  the!  putrefaction  of  various  organic  bodies,  Mid  in  the  destructive  distillation 
^  %/oi  wood  and  of  resin, 

^  f^  Butyric  Acid*— C^H^O .  O-H.  This  add  is  found,  with  other  ^ 
^  I  fatty  acids,  in  butter,  human  perspiration,  feces,  Hesh-juice,  and  in* 
some  l>€etles-  It  exisvts  in  butter  as  a  glycerid  or  glyceric  ether. 
Palhobgk:ally»  h  appears  in  a  free  state  in  urine,  bloody  and  ovarian 
cysts,  and  in  the  sputa  of  gangrene  of  the  Jung  and  bronchiectasis, 
ll  alio  appears  in  the  intestinal  contents  as  the  result  of  a  secondary 
fermentation  of  saccharine  articles  of  food. 
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It  is  best  prepared  by  mamtamii^  at  a  tempemture  of  35^  to  ^* 
C,  (95^  to  104"^  F.)  a  solution  of  sugar  coataiDing  liine  or  chmlk  and 
sour  milk  or  rotten  cb^se.  A  mixture  of  teo  part^  of  sugar,  oiie  part 
of  cheese,  and  ten  parts  of  chalk  answers  ver>^  weli.  Lactate  of  caldum 
b  fim  produced,  which  afterward  changes,  under  the  influenoe  of  ^ 
ferment  of  cheese,  into  but>Tate  of  calcium*  The  solutioa  sbcmid 
renmin  alkabne  or  neutral.  Carbon  dioxide  and  hydrogen  ait  set 
free.  Wlien  the  fermenlation  h  finished,  thirty  or  forty  parts  of  aj^ 
tallized  sodium  carbonate  are  added,  and  the  mixture  warmed  atid 
filtered.  The  filtrate  is  evaporated  nearly  to  dryness,  and  hydiv- 
chloric  or  sulphuric  add  added ^  whicb  sets  free  the  butjTic  acid  as 
an  oily  layer,  which  may  be  purified  by  dIstiUation.  But>Tic  add  is 
a  colorless  liquid,  boiling  at  162°  C.  {^2f  ¥.),  with  the  characteristic 
penetrating  odor  of  randd  butter.  It  is  soluble  in  pure  water,  but 
I  separates  if  soluble  salt5  are  added  to  the  solution.  It  is  soluble  in 
alcohol,  oils,  and  ether.     The  butjxates  are  all  soluble  in  water. 

Isobutyric  acid,  an  isomer  of  the  foregoing,  is  obtained  by  the  oxi- 
dation of  secondary  or  isobulylic  akohoL  The  following  graphic 
formula;  show  the  constitution  of  these  bodies: 


Bulyric  Add 

H    H 

H— c— (!:— € 


-p 


H 


-H 


I 
H 


^— H 

laotnityl  aiophol. 


H 


ItdMitfrit  Add. 

Valeric  or  Valeriuiic  Ac  ids. ^ — C^HbCOOH.    Four  isomeric  val€^ 

ffic  ackJ^  arc  possible,  three  of  which  are  known > 

Normal  valeric  acid,  CHjCHjCHjCH^COOH,  occurs  in  angelica 
and  %'alerian  roi:»ts,  and  its  ammonium  salt  is  formed  by  the  putrid 
fermentation  of  albuminoid  matters.  It  is  sometimes  found  in  the 
urine  and  feces  in  small-|Kix,  t3*phus  fever,  and  yellow  atrophy  of 
the  liver.     It  is  best  prepared  by  the  oxidation  of  a  my  lie  alcohol,    A 

tmixlure  of  one  part  of  amyl-alcohol  and  four  parts  of  concentrated 
iulphuric  acid  is  run  slowly  into  a  retort  containing  four  parts  of  water 
and  five  of  potassium  dichromate*     The  first  pnxluct  is  valeraldehyde, 
which  distils  over.     By  elevating  the  beak  of  the  retort  so  as  to  run , 
the  aldehyde  back  into  the  oxidiising  mixture,  it  is  changed  into  i^leri- 
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r  add*  The  mixture  is  finally  di&tjUed,  the  distiUale  neutralized  with 
ypdium  carbonate,  evaporated,  and  decomposed  with  sulphuric  add. 

Valeric  acid  is  a  thin,  oiJy  liquid,  boiling  at  175°  C.  (347^  FJ  and 
possessing  a  sour,  old-cheese  oflor.  The  most  of  the  valerates  are 
sohible  in  water,  and,  when  moi^^tt  *^mell  like  the  acid. 

Valerates  of  ammonium,  quinliie^  iron,  and  line  are  used 
m  m^icine,  and  are  officiah 
^  Palmitic  acid,  C^H^^COOH,  is  the  first  of  the  fatty  adds,  prop- 
^  crly  so  ciHed,  which  occurs  in  the  animal  and  vegetable  fats  and  forms 
true  soaps  with  the  alkalieii.  On  a  large  scale,  palmitic  acid  is  made 
&om  palm  oil.  The  oil  is  decomposed  in  a  still  by  superheated  steam 
at  a  temperature  of  about  315"^  C>  (599°  F,)*  \^1ien  the  condensed 
liquid  is  run  out  into  receivers,  it  separates  into  two  layers,  the  upper 
<rf  which  consists  of  the  free  fatty  adds.  On  cooling,  palmitic  add 
fonns  a  white,  crystalline  solid,  and  is  used  for  making  candles.  It 
WXf  also  be  prepared  on  a  smaller  Fcale  by  boiling  palm  oil  with 
po^istum  carbonate,  w^hich  converts  it  into  potassium  palmitate  and 
oleite.  On  decomposing  these  salts  with  dilute  HjSO|,  the  mixture 
of  palmitic  and  oleic  acids  separates.  This  is  wushed^  drietJ,  and 
dis^lvi^d  in  hot  alcohol,  from  which  the  palmitic  acid  cr^'stallizes, 
laving  the  oleic  add  in  solution.  Palmitic  add  cnstallizes  in 
aeedtes  which  fuse  at  6a^  C  (143. 6"^  F.).  Il  is  insoluble  in  water  and 
tohtble  in  alcohol  and  ether.  It  decomposes  on  distillation,  except  in 
lbs  preioice  uf  water. 

J  %  WAJi-tike  mii?>5  which  is  sometimes  left  when  animal  bodice  de- 
f  in  the  earth,  k  &  miJiiuru  of  ihc  palpitates  of  caldum,  potassium,  and  oc- 
ly  »mrnLimiim.     This  substance  is  formed  especktiy  in  bodies  buried  iii 
I  Buil,  or  in  ImkIii^  whic  h  rcmim  in  the  air  9*1  me  lime  after  death.     It  is  fuund  to 
'  in  tDmrki  in  1  defUiite  order.    The  amount  of  adipoccr^  present  is  a  good 
piT  of  the  time  a  body  his  been  dend. 

^^    Stearic  acid,  acidura  stearicum  (U.  S.  P.),  Q^U^COOH,  exists 
t^is  a  ghcrrid  in  all  stilid  animal  fais,  and  in  many  oils.     It  may  tn?  pre- 
|»rtsi  frijm  tallow  by  biHling  il  with  lJ^nassium  carbonate,  decomposing 
Ifir         '"  ip  with  IIC!,  separating  the  falty  acidsj  dning,  and  dis- 

»J  e  quantity  of  hot  akohoL     Afterward,  the  hot  solution 

in  dikuh*il  ih,  partly  prrti[Mtalet|  liy  u  stoing  solution  of  barium  acet^ite. 

*T1ie  pfredpitite  is  dccompo^ycd  with  HCI,  when  stearic  and  prccipi- 
tltca^  This  is  tf^IkHtefi,  w*ashe*l,  <lne*l,  and  rem'^iialliiet^l  frt>m  akohol. 
Sti!iini-  ai  jd  is  a  white*  crystalline  wdid  of  the  siime  sp.  gr,  as  winter,  fus- 
ir  («S6-3^  P  )•    Stearic  acid  exists  in  fois  as  stearin,  mixed 

wtii.  1^.11*. iUin  and  "Icin.  Stearic  aritl  is  insidublein  water,  but  sulublc 
to  akohol  and  ether*  It  burns  with  a  luminous  flame,  and  is  much 
eai|ilojred  in  the  manufacture  o{  candles  and  soaps.    The  si>  mllad 
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stearme  candles  are  a  mixture  of  paimitic  and  st^ric  adds.  Both 
palmitic  and  stearic  adds  are  found  in  the  free  stale  in  ihe  intestines 
during  the  digestion  of  fats,  a  portion  of  which  are  fJecom[>osed  by 
the  action  of  the  pancreatic  juice,  and  are  sometimes  found  as  white 
masses  in  the  slot)ls. 

Margaric  acid^  CJ5H33COOH,  is  obtained  syntheticaJly.  The 
substance  formerly  known  by  this  name,  and  supjKJsed  to  exist  in 
natural  fats  under  the  name  of  margarin,  is  a  mixture  of  palmitin  and 
stearin. 

MOnOBASIC  UNSATURATED  ACIDS- 

The  acids  derived  from  the  olcfms  are  numerous,  but  are  mostly  of 
scientific  or  theoretical  interest.  There  is  no  acid  corresponding  to 
CH2  :  CH^,  since  a  carboxyl  ^oup  can  not  be  formed.  Correspionding 
to  allylene,  QH^,  we  have  allyl  alcohol,  CjHs-OH;  acrolem  or 
acrylic  aldehyde^  C^H^.OU;  and  acrylic  acid,  QHgCOOH,  a 
colorless  liquid  with  a  pungent  smell  Crotonic  acid,*  CH3.CH:- 
CH  .  CO  .  OHt  is  the  next  homologue,  which  is  a  while  solid,  melting 
at  72°  C.  (161.6^  F.).  It  derives  its  name  from  croton  oil,  from  which 
it  was  yrjginnllv  obtained. 

Oleic  acid,  acidum  oleicum  (U.  S.  P.,  Br.),  C,^H^COOH,  is 
the  most  important  acid  of  this  series,  which  is  often  called  the  oleic 
series.  Oleic  acid  occurs  as  triolein  in  most  fats  and  oils.  U  is 
prepared  by  lioiling  olivT  oil  with  potassium  carbonatej  decomposing 
the  solution  with  HCl,  collecting  the  oily  layer  which  separates,  and 
heating  it  with  litharge  to  too^  C.  (212^  F.)  for  some  hours^  when  a 
mixture  of  oleate,  palmitate,  and  stearate  of  lead  is  formed.  The 
oleate  is  dissolvt^  out  of  the  mixture  with  ether,  and  the  solution  shaken 
with  HCl  to  precipitate  the  lead.  The  ether  is  then  distilled  aw*ay,  and 
the  impure  oleic  acid  is  dissolved  in  ammonia  and  precipitated  by 
BaClg.  The  barium  oleate  is  re  crystallized  from  alcohol,  and  finally 
decomposed  by  tartaric  acid*  Oleic  acid  is  a  yellowish  or  brownish-yel- 
flow,  oily  liquid,  having  a  peculiar,  lard-like  odor  and  taste,  and  bc- 
'  comes  darkened  on  exposure  to  the  air.  Its  sp,  gr.  is  atx)ut  0.900. 
It  is  insoluble  in  water,  soluble  in  alajhol,  chloroform,  benzene,  oil 
of  turpentine,  and  other  fixed  and  volatile  oils.  At  about  4°  C  (39®  F,) 
it  becomes  semisolid,  and  at  lower  temj:)eratures  a  whitish,  solid  mass. 
it  nin  not  be  distilled  without  decomposition^  except  in  the  presence 
of  steam.  When  heated  to  about  95**  C.  (203"^  F.)  it  begins  to  de- 
compose, giving  off  acrolein  va|)ors.  Its  alcoholic  solution  has  a  faintly 
acid  reaction  upon  litmus  paper.  Equal  %H:ilumes  of  oleic  acid  and 
alcohol  should  give  a  clear  mixture  at  ordinary  temperatures,  but  if 
kany  oil  be  present  it  separates  in  drops.     Oleic  acid  is  a  by-product 
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\n  the  manufacture  of  candles.  The  commercial  acid  absorbs  oxygen 
readily  when  eiqx>sed  to  the  air.  By  the  action  of  nitrous  acid,  or 
oitious  fumes,  oleic  add  is  converted  into  isomeric  elaidic  acid,  a 
solid,  crystalline  add,  fusing  at  45°  C.  (113°  F.).  This  add  is  formed 
in  the  preparation  of  unguentum  hydrargyri  nitratis  (U.  S.  P.). 
The  nitrous  fumes  given  oflF  convert  the  oleic  add  of  the  oil  or 
hrd  into  elaidic  add,  which  exists  in  the  ointment  in  combination 
with  mercury. 

_J  Linoleic  add,  C^HaCO^H,  is  an  unsaturated  acid  which  occurs  as  a  glycerid 
in  linseed  oil  and  in  other  drying  oils — viz.,  hemp  oil,  poppy  oil,  and  nut  oil. 
It  absorbs  oxygen  very  readily,  and  is  converted  into  a  resinous  mass.  The  drying 
joXlbese  oils  is  due  to  this  property  of  this  acid. 

I  Ridnoleic  add,  CiJi^O^  is  an  unsaturated  hydroxy -acid  found  in  castor  oil. 


^ 


ACmS  DERIVED  FROM  GLYCOL. 


The  glycok,  it  will  be  remembered,  are  diatomic  alcohols,  and  by 
oxidation  may  give  rise  to  two  series  of  acids,  thus: 


^— OH 

Cxgk 

Ethjrlnr-sljrool. 
^— OH 

Ethyieoc-fiycol. 


-f  0,= 


+  20,= 


^— OH 

^OH 
Glycolic  Acid. 

^— OH 

^OH 
Oxafic  Add. 


+  H,0 


+  2H,0. 


and 


The  other  glycols  can  in  the  same  manner  furnish  two  series  of 
adds:  the  one  diatomic  and  monobasic,  and  known  as  the  lactic  acid 
series;  and  the  other  dibasic,  and  known  as  the  oxalic  or  succinic 
series.    These  glycob  and  adds  are  as  follows: 


Glycol  Snics. 
C,H,(OH), 
Elh3Plaie-flnol. 


_CH,(OH),_ 
PropyltiK-slycoL 


P„-OH 
Bntjieut-^tjooL 


Lactic  Series. 
r  — COOH 
-OH 
Glycolic  Acid. 


CH, 


Oxalic  Series. 
CO.OH 

CO.OH 

Oxalic  Acid. 


^„— COOH 
<-»«i_OH 

Lactic  Acid. 

^  „  —COOH 
^"«_OH 
H3«iroxybut>Tic  .Acid. 


CH 


—COOH 


COOH 

Malonic  .Acid. 

P  „  —COOH 
'^a"*-- COOH 

Succinic  .Acid. 
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CH,-0-H 
Glycolic  acid,    i      r>  tt  *  *^  found  in  unripe  grapes  an 

green  leaves  of  the  Virginia  creeper.     When  pure,  it  font 
regular  crystaiSp  which  deliquesce  in  moist  air  and  melt  ai 

Lactic    Acid,    Hydroxy-propionic    Acid,    Acidum    t 

(U.  S.  P.J  Br.). — There  arc  at  least  ihree  iA>nieric  Lictic  acid 
and  a  fourth  has  been  described.     There  arc  but  two  possibll 

CHJ 

formulse    representing    hydroxy-propionic    acid^ — viz,,    CII, 

CH-  C0< 

CHOH.     The  first  of    these   is   called    ^5-hydroxy-propioi 

coon 

or  ethylene-lactic  acid,  and  that  of  the  second  formula 

<:ihydrozy-prop ionic   acid,  or  ethylideae-Lactic  acid,     ] 

lactic  acid  h  not  found  in  the  human  body,  and  little  is  kno 
There  are  three  lactic  acids  correjipondiiig  to  the  second 
differing  principally  in  physical  properties;  the  first  optically 
the  second  dextrorotatory,  and  the  third  levorotatory.  The 
inactive  ethylidene-lactic  acid  is  the  ordinary  fermentation  s 
is  a  mixture  of  equal  molecules  of  the  other  two  istjmeridcs. 

a^hydroxy-propionic  acid,  or  inactive  lactic  acid,  is  tb 
sour  milk  and  Miur  cabbage,  and  is  produced  by  a  great  v 
bacteria,  which  have  been  called,  collectivelyt  the  lactic  fennel 
found  in  small  quantities  in  the  gastric  juice,  urine,  and  inteslu 

It  is  produced  on  a  large  scale  by  the  lactic  fermentation 
sugar  and  glucose.  Flour  is  first  treated  with  dilute  sulphti 
to  convert  the  starch  into  glucose;  the  free  acid  is  then  ne 
with  milk  of  lime.  To  this  is  then  addetl  stmr  milk,  and  It  is 
to  ferment,  care  being  taken  to  stof)  the  [>rocess  lief  ore  but 
fermentation  sets  in,  by  heating  the  mixture  to  boiling.  ' 
solution  of  calcium  lactate  is  separated  l>y  filtration,  evajwratl 
and  allowed  to  crystallize.  From  this  salt  the  acid  may  be  ' 
by  saturation  wnth  sulphuric  acid.  It  has  been  prepared  synl 
by  the  oxidation  of  propyl-glycol.  The  official  acid  cnntaini 
than  seventy-five  per  cent  of  absolute  lactic  acid.  It  is  a  t 
syrupy,  odorless,  very  acid  liquid,  free)}'  mist  ible  with  water, 
and  ether.  It  has  been  use<l  to  check  lactic  and  butyric  fermen 
the  intestinal  tract,  as  an  excess  of  this  acid  prevents  the  further 
of  the  ferment.     It  has  been  prepared  synthetically  by  heating  f 
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Eydrocyanic  acid.  Il  h  used  in  the  prejjaration  of  syrup  of  the 
*r^xtrorotatory  lactic  acid,  sarcolactic  acid,  or  paralactic 
actdf  i«^  b<>merk  with  I  he  aliove.  It  has  not  been  prepared  syn- 
tJteljadly,  but  is  characteristic  of  muscle- juice,  and  gives  lo  muscular 
tissue  its  acid  reaction.  It  occurs  in  the  blooci,  especially  after  active 
raisiaiJar  e.\crcise.  It  is  found  in  the  urine,  in  increased  amount 
after  violent  muscular  exertion,  and  very  .strikingly  after  extirpation 
of  the  U%'er  in  birds  an<l  frogs.  It  has  been  found  in  the  fluid  of 
o%'aiisii  cysls  and  in  other  pathological  fluids.  It  is  found  in  extracts 
of  bcff|  and  may  be  prepare*!  from  Liebig's  extract  after  precipitating' 
Willi  akoho],  acidifying  with  H^SO^,  and  shaking  the  filtrate  with  ex- 
cess of  etJier,  which  (lissolves  it.  On  evaporating  the  ether,  dissolv- 
ing  tiie  residue  in  water,  and  precipitating  with  zinc  acetate,  the  zinc 
salt  Is  obuincd.  By  recrystaJlizing  this  salt,  suspending  it  in  water, 
and  dccom|x>sing  with  hydrosulphuric  acid  gas,  the  acid  is  obtained 
in  ^»iution.  It  may  be  separated  by  shaking  it  out  with  ether.  The 
acid  tlius  obtained  is  similar  in  most  of  its  physical  and  chemical  prop- 
^tifis  to  ordinary  lactic  acid.  It  is  dextrorotatory,  however,  whUc 
ofilsfiary  lactic  acid  b  optically  inactive. 

Demi  muscle  has  an  add  rca<  li*m,  vihith  h  greater  as  H^or  moriis  appears* 
Pnfinii  Ufc  the  aridity  increases  wilh  at  live  contriiction  iirvrl  diminishes  with  rtst, 
Thr  it  id  j:4  iimlKibly  |irt*duce<i  bv  the  dcromfjtisiuon  of  the  muscular  ti&siie  during 
€xmxmrtvrn  ulthrjujE^h  !y>m<f  Have  clainK*d  thia  thentidily  is  due  t^i  arid  phosphate 
~  .m  iJw?  phosphates  of  the  tLssuc  during  tiiUMular  action,  while  others 

■  thai  I  the  Iu4  \\i,  acid  h  due  to  the  Lranbfurniaiitin  of  the  glycogen  usually 

i^k*,  thymus,  und  thyroid  tisaucs  arc  alkaline  during  life,  but  become 
T7  '•   -  dr.ith,  from  the  iiresencc  of  sarcolactic  acid. 

V  Lactic  ACidf  the  third  isomeric  ethyh'dencdaciic  acid  Js  producetl 
h  n  fif  I  a  ne -sugar  by  a  spccml  ferment.     Very  iittle  h  known  aboui 

k 

um  Uclate,  ^r(C,TfjO^>}.  jH^O,  also  used  in  mcdicitiep  occurs  b^  h 
wtuitf,  {(r^titd^r  |)fm-ilc^r,  wsluhle  in  water* 

TmH  for  Lactic  Acids.  —  Ail  of  these  acida  give  &n  [ntcfisc  yellow  color  with  a 
wetydi  n  of  ferric  chloride. 

|]  ',  » .tt  of  wrtti^r  1  tJrtijis  tif  cArViolic  acid  and  i  drtip  of  ferric  chloride 

mlatioio  tn  ■  ■  '  to  this  xhAvi  s*>lutifm  u  mere  Iratt;  of  Ia<  tic  acid  be  addedj  it 

faKlaal^  c  h  i  Jo w .     1 1  fTi^  in)  ii  n  n . ) 

1Tj«  !f  s  pari  *ii  the  juid  in  io^ooo  parts  of  water* 

Tic  acid,  CHj .  CH(  >H  ,  C  H,  .  rO(  >tt,  i^  found  in  ibc  urine  and 

h  ijrrl     if  ^mr  nthrr  rfhcased  conrlitions.     It  ii  a  liquid  acid- 

IV '  I      ,  ,  n^  moletulf!  of  wairr  awi  changes  intfi 

rr  of  the  411  id  in  the  urine  i*  husctS  upon 

Uy^.      1  ?  J,  <  i  \  1 '  Li  [  I  ■  I  r  J  t  n  I  -  >  I  ■  i  -  ]  I  rti    m  vc  rted  into  oceloNiceltc  or  dincctit  acid, 

CIIjCHf>llCH,CO0H  4  0-  CH,(  <K  HXCMJH  +  H/X 
llydraiit^ffK  Acid.  IHnci^lc  Acid. 
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^  CO .  O-H 

Oxalic  Acid,—  {  ^  H^CjO^.    Tbis  important  acid  occurs 

CO  •  O-H 

in  many  plants  (Oxalis,  Rumex,  Rheum)  as  add  calcium  or  potassium 
ojcalat€S.     Cakium  ojcakte  is  also  fouod  in  the  urine. 

Oxalic  acid  h  easily  obtained  by  acting  upon  many  organic  sub- 
stance with  oxidizing  agents.  Glycol  and  glycolic  and  acetic  acids 
may  be  made  to  yield  it.  It  is  best  prepared  trom  the  carbohydrates 
(sugar,  starch,  etc),  by  treating  them  with  strong  niiric  acid,  or  by 
fusing  with  caustic  potash.  Commercial  oxalic  acid  is  prepared  by 
fusing  sawdust  with  a  mixture  of  caustic  sixia  and  potash,  and  treat- 
ing the  oxalates  thus  formed  with  hydrochloric  add.  The  acid  ccpr 
taHizes  in  colorless  prisms  with  two  molecules  of  water,  which  they 
lose  at  ioo°  C.  (ars'^  F.).  It  is  soluble  in  eight  parts  of  cold  water, 
and  in  alcohol  On  hating  the  acid,  it  is  resolved  into  carbon  mon- 
ox!de»  dioxide,  wuter,  and  formic  acid.  Strong  oxidizing  agents  con- 
vert it  into  carbon  dioxide  and  water.  It  fs  a  strong  dibasic  acid^  and 
forms  both  acid  and  neutral  salts  w  ith  most  of  the  metals. 

Oxalic  acid  easily  oxidizes  into  COj  and  H^O»  This  may  be  ef- 
fected by  chromic  acid,  potassium  permangaDate  in  presence  of  dilute 
H^O^,  and  even  on  exposure  of  its  watery  solution  to  air  and  sun* 
light.  Dehydrating  agents,  as  H^SO,  and  H,P0,|  decompose  it  Im 
CO,  CO^  and  H,0, 

Toxic  Action*— Oxalic  acid  is  both  a  corrosive  and  systemic 
fK)ison.  It  resembles  magnesium  sulphate  in  appearance,  and  h^ 
been  taken  by  mistake  for  this  salt.  Death  has  followed  the  use  of 
3j  (4  gm.),  but  persons  have  recovered  after  taking  much  larger 
doses.  Much  will  depend  upon  the  concentration  of  the  poison. 
When  the  solid  or  a  strong  solution  is  taken,  its  local  effect  vs  most 
marked,  and  death  may  occur  within  half  an  hour.  If  recovcj}' 
takes  place,  owing  to  prompt  treatment,  the  after-effects  will  be 
those  of  any  of  the  corrosive  poisons.  If  the  acid  is  taken  in  diluie 
solution,  the  local  efifect  is  much  less,  or  almost  wanting.  In  such 
cases  the  poison  is  absorbctl,  and  acts  as  a  systemic  poison.  Voiull- 
ing  and  cramps  are  usually,  though  not  always,  present.  The  soluble 
salts  of  oxalic  acid  are  almost  as  poisonous  as  the  acid,  but  do  tKrt 
have  the  same  local  corrosive  effect. 

The  treatment  should  be  prompt  and  judicious.  It  is  important 
to  learn^  if  possible,  the  condition  in  which  the  acid  was  swallowed. 
If  in  concentrated  solution  or  as  the  solid,  the  stomach-pump,  or  even 
the  stomach -tube  J  should  not  be  used.  If  taken  diluted,  and  the 
burning  epigastric  pain  is  not  too  severe,  the  stjft  istomach-tube  miiy 
be  used  with  care,  washing  the  stomach  out  thoroughly  with  lime- 
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water,  followed  with  pure  water.  If  lixne-waicr  is  not  prooirablc, 
milk  of  magnesia  or  a  solution  of  msj^nt^h^m  sulpfaate  (Epsom  saltsi 
may  be  used.  If  it  is  deemed  unsafe  to  uie  me  tube,  vomiting  mav  be 
induced,  and  the  stomach  washed  out  by  giving  a  lukewarm  mixture 
of  equal  quantities  of  lime-water  and  sink-  or  well-water. 

Tests  for  Oxalic  Add.— Caldum  chloride  gi^es,  even  in  xtrr  dilute,  neutral, 
or  alkaUnc  soluuons,  a  fine,  white,  hea^y  precipitait.  The  prccipitAit  is  soluWe  in 
UCl,  but  not  in  acetic  acid. 

Silver  nitrate  gives  a  white  precipiute,  sr^Iuble  ia  HNO^  and  in  N'H^OH. 

Lead  aceute  gives,  in  not  too  dilute  solutioos,  a  white  precipiute,  soluble  in 
UNO„  but  not  in  acetic  add. 

It  discharges  the  color  of  K^In^O,  in  presence  of  dilute  HySO^. 

Succinic   Add.— C,H4<^^U      This  add    is    found   readr  formed  in 

amber  and  some  other  resins,  in  several  plants,  in  the  spleen,  in  th>-3ius  and  thr- 
lotd  glands,  in  hydrocephalic  and  hydrocele  fluids.  It  is  obtained  in  small 
quantities  in  the  alcoholic  fermentation  of  sugar  and  in  the  putrefaction  of  pro- 
teids.  It  may  be  obtained  in  quantity  by  the  dr\'  distillation  of  amber;  the  aqueous 
portion  of  the  dbtillate  is  healed  to  boiling,  and  nltered :  on  cooling,  crude  succinic 
add  crystallizes  out.  Sucdnic  acid  crj-suliizes  in  monor  linic  prisms,  melting  at 
180®  C.  (356®  F.),  and  decomposing  into  water  and  surcinic  anh^-dride  at  235°  C. 
(455®  F.).  It  is  soluble  in  twenty-mree  paru  of  cold  water,  and  very  freely  soluble 
in  hot  water.  By  adding  neutral  solution  of  ferric  chloride  tc>  a  soluble  succinate, 
a  brown,  gelatinous,  ferric  succinate  is  produced;  this  reaction  is  used  as  a  quali- 
tative test  for  the  acid.  The  succinates  of  the  alkaline  metals  are  soluble;  tlvjse  of 
the  other  metals  are  either  slightly  soluble  or  insoluble. 

There  are  two  isomeric  succinic  acids,  but  isobuccinic  acid  is  unimportant.       ■ 

.  <<«  V^ 

TRIATOMIC  DIBASIC  ACIDS. 


^  •?.  0 


The  simplest  acid  of  this  class  must  contain  three  carbon  atoms, 
and  in  that  case  may  be  regarded  as  being  derived  from  the  triatomic 
alcohol,  glycerol  By  the  oxidation  of  glycerol  we  may  form  two 
adds,  thus: 

c=S:"      ^vo'h      ^=8"*" 

X— O— H  JL— H  JL— H 

t — ^H  ^— OH  ^— OH 

C=H,  c=o  c=o 

XO-H  \0-H  — O-H 

GliccfoL  Glfcrric  Tartroaic 

Add.  Acid. 

The  only  member  of  this  series,  of  sufficient  importance  to  demand 
a  separate  description,  b  malic  acid,  the  next  higher  homologue  of 
tartronic  acid. 

(CO  O-H 
Kslic  add,  hydxozysuccinic  add,  C.H,  \  O-H        ,  occurs  in  many  add 
\  I  CO  O-H 


^ 


■^ 
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fruils»  tis  cherries,  apples^  raspbcmL-s,  gijoscbcTries,  rhubarb  (staJks  and  leai^i^ 
unritK*  mountahi-asb  berdes»  unri^*  grapes,  and  quuuca.  It  k  l>csl  prepaned  bjf 
nearly  saturating  the  boiled  and  filtered  juice  of  Lhc  berries  of  ihc  raountiun-asli  1 
with  milk  of  Lime,  On  continued  boiling,  calciixtn  malaie,  CaC^H^OjOH  .  UjU, 
separates  as  a  crystalline  powder,  from  which  the  atid  may  be  obtained  by  iteat- 
ment  with  dilute  oxalic  or  sulphuric  acid*  sialic  actd  crystaUi^es  in  groups  ol 
small,  colorless,  deliquescent  c.rj'^tals*  It  mclLs  at  Joo°  C  {212°  F.),  and  decom- 
(ioses  at  150^  C*  {302^  F,)*  Putrefactive  fermentation  converts  malic  inici  acetic, 
iuccinici  butyric,  and  carbcjnic  acids. 

There  are  three  isomeric  malic  arids  possible,  of  which  two  arc  known.  The, 
alkaline  malmes  are  soluble;  other  malat^  arc  slightly  solubic  or  insoluble;  all  s-rtm 
ciystallme*  1 

The  malates  are  easily  oxididSed,  and  art:  converted  in  the  anJmat  body  into  carJ 
bonates.  When  malic  acid  is  healed  it  gives  off  a  molecule  of  water  and  forms  iwij 
isomeric  unsaturated  acids  called  fumaric  and  maleic  acids.  The  6rsl  of  thefc  b] 
found  in  Fumarut  &fficiHalis  and  a  few  other  plants.  The  graphic  formula  of  tfaes^ 
adds  are:  ^^m 

CH— CO,H  CQ,K-C-H  ^H 

CH— CO,H  H— CO^H  1 

Muleic  Add.  Funt^c:   Aad-  I 

TETRATOMIC  DIBASIC  ACIDS.  I 

O     H     H    0  I 

II       I       I      III 
Tartaric  acid,  acidum  tartaricum  .*^  ^  ^    r>  \  C — C — C— C  ■ 

(Dihydroxy-sucdnic  Acid)V^*^"  ^*'''^^"J»   I       f      I      I    I 

O  O  O  0  I 
H  H  H  H  I 
is  a  dibasic,  tetratomic  acid.  (Compare  the  formula?  of  sucnnfc^  I 
malic,  and  tartaric  acids,)  Four  isomeric  tartaric  acids  are  known:  I 
two  of  which — dextro-  and  levotartaric  acids^are  optica  11  j  active j  I 
and  two^raccmic  and  meso tartaric  acids — -are  optically  inaruve.  I 
Ordinary  or  dextro tartaric  acid  is  found  in  many  fruits,  partial-  I 
larlv  in  ripe  grapes »  as  acid  potassium  tartrate  (cream  of  tartar) »  ■ 
which,  during  the  fermentation  of  the  must,  is  deposited,  mixed  wilh  I 
yeast,  coloring  matter,  calcium  tiU^trate,  etc,  as  a  brown  crust,  or  <le-  ■ 
posii,  knosvn  as  crude  argoL  Tartaric  acid  is  prepared  from  argtil  bj  ■ 
first  treating  it  with  hot  water,  filtering,  decolorizing  with  animal  char-  ■ 
coal^  converting  the  acid  potassium  tartrate  into  calcium  tartrate  by  the  ■ 
addition  of  milk  of  lime,  then  decomposing  this  with  sulphuric  aci«i.  I 
Tartaric  acid  is  thus  obtained  in  solution,  and  may  easily  be  separated  I 
by  crystallization.  Tartaric  acid  is  usually  made  in  the  same  factorie  I 
where  cream  of  tartar  is  prepared.  It  has  also  been  prepaid  I 
synthetically.  It  usually  occurs  in  beautiful,  oblicfue  prisms,  pentut*  I 
nent  in  the  air,  sciluble  In  one-half  their  weight  of  water,  or  in  2.5  parts  I 
of  alcohol,  and  insoluble  in  ether.    When  heated,  it  melts  at  135^  C*  I 
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175^  F.)»  and  forms  metatartaric  and  pjrocariaik 

lijclnde,  C\H^O^,     At  a  higher  tcsnpoatnre  it 

burnt -sugar  odor. 

Tartaric  add  has  a  strong,  acid  taste.  It  {iffoppitates  "Mimi  la  wca- 
traJ  or  aJkaUne  solu tions>  but  not  tn  stronglT  aod  soiutiQiis.  AramoMmi 
salts  prevent  this  precipitation.  Heated  with  k^jnodk  add  aid  ]Aa6- 
pbomsi  tartaric  k  fiist  changed  into  m^Jk  and  then  ido  SDcdok  acid. 
The  principal  tartmtes  are  the  tteutral  and  aod  fnHflMm  tarnaic^ 
sodio-potassium  tartrate  (Rocheile  SftJt)  and  taitv  OKtk,  or 
antimonyl  potassium  tartrate^  all  of  whkh  are  mastioiied  In  aaotba^ 
pbce.  Ferro-potassiiun  tartrate  and  ferrcManiEioiiiimi  tartrate 
are  also  used  in  medicine.  Tfae^*  both  belong  to  the  dass  of  sub&tanccs 
known  as  scale  compounds.  Tbe>'  occur  in  the  form  of  ^niel-fcd 
scales,  slightly  deliquescent,  veiy  soluble  in  water,  but  maolQble  in 
aiD>hoL  Tartaric  acid  Is  used  in  making  effenesdng  drinks,  m  cbBco 
printing,  and  by  confectioners,  to  pre%etit  the  o^isialikatkifi  of  tJ>e 
siig)ar.  When  taken  in  too  large  quantities,  h  acts  as  an  imtaiit  potsoo. 
One  ounce  has  caused  death. 

U1ien  taken  in  not  too  great  qnantitj,  its  salts  aie  o^ddked  to  car- 
bonates; but  If  taken  in  very  large  quantity  they  i>iaj  escape  ciMsi|]|ete 
d^niction  and  may  appear  in  the  yrine  and  pospiration.  It  Is, 
therefore,  oot  so  easily  oxidized  as  tnalic,  succinic^  and  sotne  cscber 
organic  acid^ 

TETRATOMIC  TRIBASIC  ACmS. 
Citric  Acid,  Acidum  Citricum  (U.  S.  P.,  Br,). — 


CH5CO ,  OH 
COH .  CO  .  OH 
CH^CO .  OH 


C,R,0, 


acid  occurs  in  the  juice  of  l^eet- roots,  lemons,  limes,  currants^ 
s,  and  other  fruits.  It  is  manufactured  on  a  large  scale 
lemon-juice  or  lime-juice,  which  is  clarified  by  boiling  it  with 
%lbiiiinin,  and  then  saturattngf  while  hot,  with  powdered  chalk  or  milk 
fif  lime.  The  precipltatetj  calcium  citrate  Ls  decom[>o5ed  by  an  equiv- 
I  a  lent  quantity  of  sulphuric  acid  and  filtcrefl  from  the  resulting  gyp- 
I  sum.  Another  technical  method  is  by  fermentation  of  sugar  or  glu- 
I  cose  by  ceri;iin  mold- fungi,  Citromyces  P}ejJ€rmnus  and  C,  glaher* 
I  It  has  abo  been  prepared  synthetically.  On  evaporating  the  filtrate 
futile  add  crystallines  out  in  large,  transparent,  rhombic  prisms,  having 
^Hp  agreeable,  sour  taste,  and  containing  one  molecule  of  water  of  ens- 
^^MHBtton.     The  acid  melts  between  135''  and  1 51°  C,  (275*^  and  jos^'^ 
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F.)j  and  is  readily  soluble  in  water  and  alcohal    At  175°  C.  (347°  F.) 
the  acid  loses  water  and  is  converted  into  aconitic  acid,  a  tribasic 

CH-COOH 
If 
unsaturated  add  found  in  aconite.    It  has  the  formula,  C-COOH 

CH.-COOH 
=  QHftOfl.  Solutions  of  citric  acid  when  exposed  to  the  air  soon  grow 
molds  and  undergo  decomposition.  Citric  acid  forms  three  classes 
of  well-defined  salts  with  the  metals.  Citrates  of  the  alkaline  metak 
are  soluble  in  water.  They  are  decomposed  into  carbonates  in 
the  body,  and,  in  case  of  the  citrates  of  the  alkalie^s,  are  eliminated 
by  the  kidneys  as  carbonates;  hence,  these  citrates  are  frequently 
prescribed  in  acid  conditions  of  the  urine.  The  acid  is  not  known 
to  exert  any  injurious  action  upon  the  economy,  even  in  considerable 
quantities. 

Citrates  of  bismuth,  iron,  iron  and  ammonium,  iron  and  quinine, 
iron  and  strychnine,  lithium,  potassium,  bismuth  and  ammonium, 
solution  of  magnesium  citrate,  and  syrup  of  citric  acid  are  ofRcial. 
When  boiled  with  excess  of  lime-waier,  citric  acid  precipitates  basic 
calcium  citrate.    This  distinguishes  it  from  oxalic  and  tartaric  acids. 


Meconic  acid,  C^H^O^,  is  an  unsaturated  tnatomic  dibasic  acid  found  in  opliim 
in  combinaLioti  with  the  aikaloids-  It  may  be  prepared  from  opiym  by  dlgcslt^it 
wlih  hot  water,  neutralizing  with  CaCOj,  and  then  precipitating  with  CaCI^.    Tbe 

Eredpilate.  hydrocalciurn  mcconate,  HCaC^HO^,  may  be  dissoU^ed  in  hot  dilttSe 
[CI  and  the  acid  crystalJbed  out.  The  acid  occurs  in  crystalline  plates,  dissohiqg 
raihcr  sparingly  in  cold,  but  easily  In  hot  water  and  akohoK  Ether  difsohts  il  but 
sparingly.  It  has  an  astringent  taste*  Solutions  of  mcconic  acid  j^'ve  a  blood-ml 
color  with  ferric  chloride,  which  h  not  discharged  by  HgCI^  or  dilute  adds,  hul  is 
discharged  by  stannous  chloride  and  sodium  hypochlorite.  Thi&  test  i^rvt^  10 
Identify  opium  and  preparations  made  directly  hota  it. 

The  relation  of  the  foregoing  alcohols,  aldehydes,  aiid  acicb  rill  be 
seen  by  the  following  graphic  formulae: 


HCH, 
Etlune. 


HC 


/OH 


Meihyl-iikotiol. 

C  \  OH 
Etbyl-alcohd* 


"^\H 

FpraiaMcliyde* 

C=H, 

C\H 
AoetaMehidc 


Formic  Add- 
C=H, 

C\OH 
Acetk  Add. 
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C=H,OH 

C=H,OH 
Etbene  GljcoL 


C\OH 


'\, 


OH 


C\OH 


Glycolic  Add. 


Oxalic  Add: 


C=H, 

C=H, 

C=H, 
Proptae. 

C/OH 

Uh, 

Pl<Bpne  GbrcoL 


C=H, 
C=H, 

Propyl-alcohol. 


C=H, 
C=H, 


C=H, 


i 


■  /OH 
^\OH 


i: 


Ethyleoe-lactic 
Add. 


\H 
Propionic  Aldehyde. 

C=H, 

V\OH 

Ethylidcne-lactic 
Acids. 


?\ok 

Y— OH 

\OH 
Glycerin. 


?\ok 

V— OH 

\OH 
Glyceric  Add. 


=H, 

^\OH 

Propionic  Add. 

V\OH 
C=H, 

Malonic  Add. 

,=0 

\OH 
— H 
,\OH 

\OH 


i 


Tartronic  Acid. 


C=H, 


|\OH 
C=H, 

C=H, 

C=H, 


Batyl- 
akohol. 


V\OH 
C=H, 

C=H, 

Butyric  Add. 


Vnoh 

C=H, 
C=H, 

Oxjrbuiyric 
Ad* 


^dd. 


V\OH 
C=H, 

C=H, 

Sucdnic 
Add. 


|\OH 


i  r   i 


\OH 


L— H 
|\OH 


17       i 


-H 
|\OH 

\0H 
Erytkiic 


— H 
\OH 

— H 


Tartaric  Adds. 


C  =  H, 

C  =  H, 

C  =  H, 

C  =  H, 

C  =  H, 
Pentane. 


|\OH 
C=H, 

C=H, 

C=H, 
Amyl -alcohol. 


I  \OH 
i/H 

|\OH 
C=H, 

<L^O 
"^\OH 

Malic  Add. 


c^o 

I  \OH 


C=H, 
=H, 
=H, 


i 


Valerianic 
Add. 


3«8 


ICEDICU.  CHZXZ5TSX. 


C=M, 

H,C-OH 

0=COH 

0=COH 

1 
C=H, 

H-C— OH 

H—COH 

H— COH 

0=C— OH 

C=H, 

H— C— OH 

H-COH 

H—COH 

H-CO-H 

C=„. 

H-C— f^H 

H-C-OH 

j 

H— COH 
H— COH 

H— COH 
H— COH 

H-C^C<^ 
,^\0H 

H-C— H 

1 

1 

C=H, 

H,C-^^H 
Maiuiite. 

H,COH 
Maamxic  .Aod. 

0=COH 

0=COH 
One  Add. 

DERIVATIVES  OF  THE  FATTT  ACIDS. 

The  adds  may  be  modified  by  substitutioiis  in  the  alkyl  group 
or  in  the  carboxyl  group.  We  have  already  noticed  some  of  the  haJo^ 
substituted  acids,  as  mono-,  di-,  and  trichloracetic  acids.  We  shall 
have  cxrcasion  to  refer  to  the  nitrogen  substitution  products  of  this 
nature.  The  carbox>i  group  may  be  modified  by  the  exchange  of  its 
oxygen  atr)ms  or  hydroxyl  groups  for  other  atoms  or  radicals.  By 
acting  on  the  acid  ^ith  PCI„  PCI5,  or  POCl,  the  h>xirox>i  group  mav 
be  exchanged  for  CI,  so  that  they  contain  the  group  COCl  instead 
of  COOH.  These  com[X)unds  are  called  acid  chlorides.  In  naming 
them,  the  name  of  the  acid  is  used,  but  its  termination  is  diaiiged 
to  yl.  From  acetic  acid  we  thus  obtain  acetyl  chloride. 
Cyi,0,H  +  PCI,  «  C^jOCl-*-  PO,Hr 

Acetyl  Chloride. 

The  arifl  chlr)rides  of  the  lower  members  of  the  fatly  acid  scries  are  liquids  wiik 
a  sufTfM:ating,  irritating  odor. 

Acetyl  chloride  is  of  great  sen-ice  as  a  reagent  for  the  detection  of  hydioijrlo 
organic  comp<^>und3,  Ixrcausc  it  forms  with  such  compounds  acetyl  derivatives.  ?f 
treating  an  acetyl  derivative,  thus  formed,  with  an  alkaline  h^-dioxide  an  aceHtefl 
formed.  The  presence  of  acetic  acid  proves  the  original  substance  to  hiwcofr 
taincd  a  hydn>xyl. 

ACID  ANHYDRIDES  AND  PEROXIDES. 

By  treating  the  s<Klium  salts  of  acids  wth  the  acid  chloride  we  obtain  the  ankT 
dride  of  the  acid  actecl  u|)on. 

CjUjO^Na  +  CaH,OCI  =  O  :  (CjH.O),  +  NaCl. 

The  anhydrirles  of  the  lower  members  of  the  fatty  acid  series  are  liquids  of » 
disiigreeable  sufffxating  odor.     No  anhydride  of  formic  acid  is  known. 
Acetic  anhydride  boils  at  137®  C.  ('278®  F.)  and  has  a  sp.  gr.  of  1.073. 
Acid  peroxides  arc  f(jrmed  by  the  action  of  the  anhydrides  upon  hvdrogpipW' 
oxide.     Thus  diacctic  iwroxidc  is  formed  from  acetic  anhydride,  and  used  •$  •* 
intestinal  antisci)tic  under  the  name  of  acetozone. 

CHaCO^^   .    „  ^  x^CHjCO-O 
C  HjCO^^  ^  "*^2^CH,C0-0 

Acetic  Acetosooe. 

Anhydride. 
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Under  the  name  of  alphozone  succinic  peroxide  is  employed  ^  a  powerful  anU- 
tepUc    ^t  is  a  whit^i  soluble  powder. 


myPBTTR  DERIVATIVES  OF  THE  ALCOHOLS  AND  ACIDS. 
Thio-olcohols. — We  have  seen  in  inorganic  chemistry  that  sulphur 
can  replace  oxygen  as  u  linking  atom.  Thus,  corresponding  to  H^O 
wc  have  HjS;  to  NH^OH,  NH^SH;  to  HiCOa,  H^CSg,  So  in  alcohob 
m-e  m^ky  have  sulphur  take  the  place  of  oxygen.  These  compounds 
are  frequently  called  mercaptans  (niercuro  captum),  from  their 
firoperty  of  readily  taking  ujj  mercury*  They  may  be  more  properly 
Dained  sulpho- alcohols  or  ihio-alcohoU.  We  may  have  the  same  sub- 
slitiitloD  of  sulphur  for  oxygen^  in  the  ethers  and  aldehydes  giving  rise 
to  sulphides  of  the  hydrocarbon  radicals^  or  sulphaldeh}des.     These 

i compounds,  as  a  class,  are  generally  ill-smelltng  compounds,  and  are 
foequently  produced  in  the  putrefactive  fermentation  of  organic  sul> 
slaoces  CQDtainJng  sulphur.     The  following  is  a  list  of  some  of  the 
mocv  tmportatit  of  this  class  of  compounds: 
I 


Sm.pmt>Ks  OF  THE  HypiioeARBON  RADicAts. 

Dielhy  I  -  su  I  pho  *  diitietli vt  'inclhane,    or 

SulphonaU  ( C  H,),C(S05C,Ha), 
Dit'thvl-dLsu  Iphide,  { CjH J J>^ 
Dit'thyl'trisulphidr,  ( C^Hjj)X 
Did hy I  -tetrasu  1  jihidi- ,  ( C jH^) jS^ 
Dielh V I -pc n la^iu I phid c ,  ( C ^H j^ ^^^ 
Dicthyl<ixysurphide,  (CjHa)jSQ, 

(elhyl-suJphonc) 
Xanlhic  Acid,  C,H,OCSSH 


Mr- 

■  i'   s 

Mr 

,1,1^, 

M.' 

,  hldt:,  (tH^^ 

Mr 

.ulphidr.CH^H 

nercapian) 

Ei^ 

riptide,  CjH^SH 

.ti) 

FjL 

i:icAcid.C,H^SO,OH 

m. 

Oi  these  compounds  but  few  have  sufficient  importance  to  claim 
alien litin*     Comfwrnnds  similar  to  the  foregoing  may  be  formed 
Miihrr  mdiiiiLs  tha^  those  here  mentioned, 
Ethyl-mercaptan,    QH^SH,    is   prepared    by   distilling   calcium 
eth)  1  iiulph;Lte  with  {Kjtassium  hydros ulph id e. 


L    eth)1  iiulp 


Ca{CMSO,\  +  jKSH  -  CaSO,  +  K^SO,  +  ^fC^H^SH). 


P 


m  forms  the  u[>[>er  layer  of  the  distillate.  Mcrcaptan  has 
&  pinrerful  twlor  t>f  grirlir.  It  Is  a  volatile  liquid;  sp.  gr,,  0.835, 
II  imrtii  wiih  a  blue  tlame.  It  is  sparingly  soluble  in  water,  and 
i&Mvesi  tn  alaihol  ami  ether, 

Mercmptlds*— The  hydrogen  atom  linked  to  the  radical  am  l>e  re* 
phced  by  elect ro|Hwilive  atoms  or  groups  giving  rise  to  com|Kninds 
ollcil  mercaptids*  ^ferca()tan  forms  with  metallic  sodium  or  ^Kitas- 
i>  sodium  cir  (MitaswHium  meraiptiiJ,  CjiL,SNa,  C'JIj^SK,  which  are 
"ine  aitnjiouncb  siiluble  in  water.    McrtTuric  oxide  reacts  with 
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mercaptan,  evolving  heat  and  forming  a  crystallir 
pound,  merctiric  mercaptid,  | 

Mercaptal.^When  a  mixture  of  two  molecules  of  mercap^ 
one  molecule  of  an  aldehyde  is  dehydrated  by  trealment  ii 
HCl,  a  mercaptal  is  p rod u ceil,  which  may  t*e  regarded  as  BJi 
whose  oxygen  is  replaced  by  sulphur,  or  a  thyo-acetal. 


Aldehyde.  Mcrcaptan. 

MercaptoL~If  this  same  reaction  is  produced  with  an 

instead  of  jin  aklehyde,  a  mercaptol  is  produced,  which  diftc 
the  meraiptal  in  that  the  alcoholic  radical  is  su1j,^ituted  fo| 
atom  of  the  ketone  group,  CO, 

Mercaptol  is  a  mobile  liquid  whose  odor  is  not  disagree* 
boils  at  80^  C  (176^  F.}.  VVhen  mercaptol  is  oxidized  by  pc 
permanganate,  it  is  converted  into  sulphonal,  or  dimethyl-i 
diethyl-methane,  according  to  the  following  equation: 

Sotphono]^  or  Djmeihyt-sijlpboa- 
dicLbyl-mettuuve. 

-^  TrioQal  is  formed  by  the  same  process  as  sulphonal  exo 
methyl -ethyl -ketone  is  substituteti  for  acetone.  In  the  prepai 
tetronal  diethyl-ketone  is  substitutetl  for  acetone. 

The  relation  of  these  bodies  may  be  seen  by  reference 
following  graphic  formula;: 


Mercaptol. 


H     (.     OQH, 

Accmt, 
CH,^^    SO,C,H, 


MctcaptjiL 
Triooa! 


Mcfraplol 
Tetronai 


f  Sulphonal  is  a  colorless,  inodorous,  practically  tasteless, 
line  body,  melting  at  125*^  C  (357"^  F.).  It  is  soluble  in 
parts  of  bt>iUng  water  and  in  about  450  of  cold.  It  is  freely 
in  hot  alcohol  and  less  so  in  cold.  Sul[>honal  is  a  very  stahl 
being  unaffected]  by  acids*  alkalies,  oxidizing  agents,  broa 
chlorine.  Owing  to  its  insolubility  and  stabililVt  it  docs  not 
many  characteristic  reactions.  Its  solutions  are  neutral  to  tes 
and  are  nnaffected  by  barium  nitrate  or  silver  nitrate.  It  shou 
away  without  residue  when  ignited  with  free  access  to  alr.^^ 


SirtPHONlC  AOBS. 
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suipbonal  is  heated  with  potajsiuni  cyanide,  the  odor  of  niercaptan  is 
evolv^;  and  when  the  residue  is  dissolved  in  water,  a  drop  of  FcjCl, 
gives  a  red  color  to  the  solution.  The  urine  of  patients  taking  consider* 
able  do6^  of  sulphonal  assumes  a  peculiar  reddishbrown  color,  due  to 
liie  presence  of  hematoporph^-rin.  This  substance  is  most  easily  de- 
lected by  the  spectroscope.  Sutphonal  is  used  in  medicine  as  a  hyp- 
notic^ aod  has  become  o£^cial  in  the  phajmacopeias  of  several  European 
countri^. 

Tlional  occurs  as  colorless,  shining,  tububr  cn^stals  soluble  in 
3J0  ports  of  cold  water»  freely  in  hot  water»  alcohol,  and  ether.  It 
nsdls  at  76*  C  (168.S**  F.),  It  is  a  more  powerful  hypnotic  than 
sulphonal. 

Tetroiml  occurs  in  colorless  crystals  similar  In  appearance  to 
trionaL  It  melts  at  86°  C.  (192.2*^  F.)  and  is  soluble  in  450  parts 
of  cold  water,  and  readily  in  alcohol  and  ether.  It  is  also  employed 
IS  ft  hypnotic  in  dos^  of  x  to  2  gm, 

StTLPHOISXC  ACIDS. 

A  sulphonic  acid  is  one  which  may  be  regarded  as  formed  by 
replacing  one  of  the  hydrox)!  git>ups  in  HjSO^  by  a  hydrocarbon  radical. 

In  sulphtinc  esters  only  the  basic  hydrogen  h  replaced. 

By  oxidation  of  ethyl-mercaptan  w  ith  HNOj  ethyl-sutphonic  acid 
is  formed. 

Sulphonic  adds  may  be  formed  by  acting  directly  upon  unsaturated 
hydrocarbons  with  sulphuric  acid. 


aC,H,SO,OH. 

Ethyf-fiiTpfautuc  Add. 


k 


SuJpfatinc 
Add. 


BeD^De-fufphoQic 
Add. 


H,0. 

Waler* 


ToltKiie^  TbluriUMulrhflmi;  Add 


HjO- 


/, 


A 


TbliUE^iUMulrhflmi;  Add. 

The  sulphonates  of    the  alkaline  metals  are  prepared  by  the  Inter- 
action of  the  alkyi-hahdt^s  and  the  alkaline  sulphites: 
C^^I  4-  K^O^  =  KCjH^O,  +  KL 

The  alkyl  sulphonic  acids  are  strong,  crystalline,  monobasic  adds, 
rery  soluble  in  water  and  form  soluble  salts  with  the  metals. 

Ttie  Alkaline  sulphonates  are  isomeric  with  the  sulphitcr^i  but  in  the  sulphoiiateis 
the  siilphur  is  directly  linked  to  the  carbon,  wbjie  in  the  sulphites  there  is  a  linking 
t^ingcn  between  the  sulphur  and  aikyj  tadical,  as  will  be  seen  ia  the  following  for- 
mula i 

O 
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There  arc  few  important  aikyl-^ulphonic  acids,  but  several  ttromaiiq 
adds. 

The  sulphinic  acids  bear  the  same  relaiion  to  ^ulphurous^  acid  UiatJ 

I  adds  do  to  HjSU^.     Thus,  ethyl-sulpMnic   add  has  the  formula:  Cjj 

The  alkyl  sulphides,  or  thlo-ethcrs^  may  be  prepared  by  the  aciioa  of  p| 

pentasulphide  upon  the  ethers.  I 

5(C,HAO  +  P^,  -  5CC,HJ^  +  PA'  I 

They  are  disagreeable  smelling  liquids  like  the  mercaptans,  and  are 
in  water. 

Tbio^acids  are  also  known.  They  are  liquids  having  a  disagreeable ' 
their  &oluilon.s  jjreLipilatc  the  he>ivy  metak  as  sulphides. 

%j  ^  ORGANIC  BODIES  COJfTAIKlHG  NITROGEN. 

^  ^Tiile  airbon  has  little  tendency  to  combine  directly  with  j 

\l  we  have  seen  that  by  indirect  means  they  can  be  made 
and  produce  the  important  group  — C^N,  or  cyanogen, 
cyanides,  which  have  already  been  described. 

The  nitrogenous  organic  l>odies  may  be  divided  into  the  1 
chief  cla^lS€!5»  based  ui>on  their  constitution.  Nitrates,  nitritei 
compounds^  cyanides,  nitrils,  amins,  amids,  amido-acid 
acids,  hydrazins,  azo-  and  diazo-compoimds,  organic  1 
alkaloids,  proteids,  and  albuminoids. 

Nitric  Esters,  Nitrotis  Esters,  and  Nitro-compounds.— When  i 
ari^  upon  hydrocarbons  it  usually  forma  nit ro-com pounds  with  the  elinj 
one  or  more  molecules  of  water. 

When  it  acts  upon  an  alcohol  or  rarljohydrate  it  forms  a  riliratei  and  | 
•  water. 

C,H,(OH),  4^  3HNO,  »  C»H,(NO^),  +  sBfl,  I 

A  n It ro-com pound  contain!?!  the  group  NOj,  in  which  the  nitmgen 
directly  to  the  hydrocarbon  radical,  while  in  the  nitrates  and  nitrites  the  I 
linked  to  the  hydrocarbon  tadicat  by  an  oxygen  atom.  The  folio  wing  lot 
make  this  plain: 


%0  C,H,-0-N^ 

Fthyl-iiilraie*  F.thyl  aitritr. 

We  have  had  wcasion  to  discuss  nitroglycerol  and  nitrocellulf>se.  Tl 
pounds  were  kn<nvn  before  thcMV  constitution  was  known,  and  re<?t:ived 
names,  which  cling  to  them.  They  are  really  glyceryl  trinitrate  and  ccllu 
trate.  '  . 

The  nitro-compounds  are  distinguished  from  the  enters  in  that  thi 
saponify  when  warmed  with  alkaline  hydroxides,  and  they  yield  amins  on 
with  nascent  hydrogen,  the  N  not  separating  from  the  hydrocarbon  radii  aL 

CH3NO,     +     3H5    -    CHjiMH^     +     alijO. 
Nitro  methane.  "  Melbykmin. 

From  these  and  other  reactions  wc  conclude  that  the  N  is  attached  diree 
carlKin  of  the  radical. 


^ 
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The  nitro-compounds  of  the  paraffin  series  arc  not  so  numerous  or  importaiit 
as  those  of  the  aromatic  hydrrx  arlxiris  lo  be  considered  Jaten 

Hitrils,  or  Cyanides  of  Hydrocarbon  Radicals.— Hydrocyanic  acid  yields  two 
theses  of  derivaiivf?s  by  the  exchange  of  its  H  atom  for  alcohol  radicals,  neither  of 
which  can  be  grouped  ainoag  the  esters,  since  ihey  do  not  go  back  imo  alcohok  and 
hydrocyanic  acid  upon  saponification,  but  decompose  in  another  direction.  These 
two  classes  of  comp<:junds  are  known  as  nitrils  and  Lso-nitrils. 

A  nitfil  15  a  cyanide  of  a  hydrocarbon  radical  in  which  the  radical  is  attached 
to  the  carbon  atom  of  the  CN'  group,  and  in  which  ilie  X  is  triad. 

An  iso-mtril  is  isomeric  with  a  cyanide,  arid  the  hydrocarbon  radical  is  attached 
to  the  nitrogen  atom  of  the  CN'  group,  in  whicli  the  N  is  a  pentad. 


Etbfl  Cyamdf  or 
Ft'opit>nitiiL 


C,H,.N:C 

Ethyl  lio-Qllifl  or 
Ethyl  Lso-cyftiude. 


II  The  nitrite  are  either  colorless  liquids  which  volatilise  without  decomposition,  or 
miM&  of  ethereal  odor,  lighter  than  water,  and  relatively  stable.  They  boll  at  about 
Ihe  same  temperature  as  the  corresponding  akohols.  They  are  formed  by  healing 
the  iodide  of  the  radicai  with  potassium  cyanide,  or  by  healing  potassium  ethyl -sul^ 
phaie  with  potassium  cyanide. 


CHjI  +  KCN  =  KI 
C^^OlSO-     +     KCN     = 


+     CH,CN- 


CJl.CN 

Elhyl- 


igso.. 

pDlasiilffl 
Sulphate^ 


^H  They  may  also  be  prepared  by  distilling  tbc  ammonium  sails  of  monobasic  acids^ 
irhich  contain  one  atom  of  carbon  more  than  the  alcohol  which  w-ould  correspond  to 
the  niiril  dtrsirud.  CjHjOjNH^  =  CH^CN  H-  aHjO.  As  a  consefjuence  of  these 
mtxlesof  frjrmatian»  these  compounds  arc  lermcd  the  nilrik  ol  tht*  monobasic  acids — 
thai  15,  CHjCN  is  named  aceto-niiril;  C^HjCN,  propif>-nitril,  or  ethyl-cyanide. 
CHjCN  is  pn-scnt  in  the  products  of  the  disijllaiion  of  cfjahtar.  It  is  a  colorless 
li  ijII,  bolting  at  Sa^  C.  (179°  F-),  is  combustible,  and  miscible  with  water.  The 
1.4 htf  nitrils  of  the  higher  hydrocarbon  radicals  are  only  of  theoretical  interest* 
^^Cyankles  of  1  he  other  sen  l's  o  f  h  yd  nxrarbons  also  exist. 

^H  The  iso-cyanldas,  or  ifio^nitrils,  or  carbimliis,  are  colorless  liquids,  easily 
^^Bplubk  in  alcohol  and  ether,  but  slightly  soluble,  or  insoluble,  in  water.  They  have 
^Bi  feeble  alkaline  reaction,  disagreeable  odor,  and  poisonous  prtiperties.  They  are 
^"  firepared  by  heating  the  iodides  of  the  alcohol  radicals  with  silver  cyanide  instead 
of  potassium  cyanide, 

CNAg  +  C^HJ  =  Agl  +  OHsNC. 


Elhfilxxjjaudt* 

They  mar  also  be  formed  by  the  action  of  chlomform  and  an  alcohobV  soliition  of 
KOH  ujxin  the  primary  amins.  The  iso-nitrib  differ  from  the  nitrils  by  their  be- 
havvv  with  water  or  dilute  adds-  When  superheated  with  water  or  wilb  acids  in 
tlhe  ct>td,  they  split  up  into  formic  acid  and  an  amin  base.  They  do  not  decompose 
with  alkahe^  as  nitrils  do. 

Fulminate  of  mercury,  Kg(CjNt>02»  is  obtained  by  warming  alcohol  with  nitric 
irid  and  mercuric  nitrate-  It  crystaHizes  in  fine,  silky  prisms,  which  csrplode  with 
peal  violence  on  being  heated  or  struck.  Fulminate  *jf  silver,  having  a  similar  com- 
position, is  even  more  explosive.  These  fulminating  com|x>unds  arc  used  in  the 
manufacture  of  percuMlon  caps. 
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The  relation  of  the  derivatives  or  the  various  substitution  products 
of  the  hydrocarbons  may  be  illustrated  by  the  following  formula, 
derived  from  the  first  two  members  of  the  parafl&n  series: 


Hydrocarbon. 

Methane,  C=H^. 

Ethane,  H^rrC— C=Hy 

Halide. 

Methyl-chloride,  CH.Cl. 

Ethyl-chloride, 

H,=C— 0=H,.C1. 

Monohydric     Alco- 
hol. 

Methyl-alcohol,  H,COH. 

Ethyl-alcohol,  H,C— CH,OH. 

Dihydric  Alcohol. 

Ethylene  Glycol,  or  Glycol, 

HOH,C— CH,OH. 

Ether  or  Oxide. 

Methyl^ther,  ^J][»|o. 

EthyUther,gJ»}0. 

Aldehyde. 

Formaldehyde,  H-C<f^ 
\H, 

AceUc  Aldehyde,  H,C— C^^ 
\H. 

Ketone  or  Acetone. 

• 

Can  exist  only  with  three  carbon 
atoms. 

0 

II 
Acetone,  H^=C— C— C=H,. 

Monobasic  Acid. 

Formic  Acid, HCO. OH. 

Acetic  Acid,  H3C— CO.OH. 

Dibasic  Acid. 

Carbonic  Acid, 

^OH. 

CO.  OH 
Oxalic  Acid,    | 

CO  .  OH. 

Ester. 

Methyl -nitrite, 

CH3— O— NzzO. 

Ethyl-acetate,  C^j— O— C^,0. 

Mercaptan. 

Ethyl  Mercaptan, 

CH,CH,— s-a 

1                                 O-CH 
Acetal.                         Methylal,H^C<            ' 

O-CHj, 

Acetal,  CH3CH<^^'"* 

Nitril. 

Methyl -cyanide, 

H3C— CN. 

Propio-nitril,  H,C— CH,— C=N. 

Iso-nitril. 

Methyl-  carbamin,  or 
Methvl-iso-cyanide, 

H3C— N=C. 

E  t  h  y  1-carbamin,     E  t  h  v  1-iso- 
cyanide,  H^C— CH,— N=C. 

ORGANIC  DERIVATIVES  OF  AMMONIA. 

We  have  frequently  spoken  in  these  pages  of  types  of  compounds, 
especially  of  the  water  type.  We  now  come  to  speak  of  compounds 
constructed  upon  the  ammonia  type. 


\^.^,^^^>C    '^Xn^^    u^-.  >.^ 


-v^ 


-.-<< 


AWNS. 
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&  type  of  a  large  numbo-  of  organic  compounds. 

An  uniii  (or  amine)  may  be  r^arded  as  formed  from  ammonia 
by  replacing  one  or  more  of  the  H  atoms  by  hydnjcarbon  radicals. 
They  are  classified  into  priitiary,  secondaij,  tertiary,  and  tetra- 
oaiy,  accordingly  as  one^  two,  three,  or  four  atoms  of  hvdmgen  have 
been  replaced.  Quaternary  substitution  can  only  lake  place  in  NHpHp 
and  gives  rise  to  ammonium  bases,  injsiead  of  amiits,  ai  N(CHj^)^OH, 
tetramethyUammonium  hydroxide.  The  amins  are  divided  into 
moQainins,  diamins,  and  triamins,  accordingly  as  their  molecules 
contain  one,  two,  or  three  atoms  of  nitrogen^i.  e,,  a  diamin  is  derived 
from  two  molecules  of  NHj  instead  of  one. 

We  may  represent  the  different  classes  of  amins  as  follows: 


MoK\M£KS. 


fH 

NMH 
(H 

.%iniiialita 

(A  mill). 


Primary. 


SfcioodATj* 


Tcnisry. 


fC#l,  fCH,  fCH^ 


T-thf\MB}lB- 


Mcth]rl-4iiiamjrbiiiiB. 


DlAMIMS. 


rC,H,  fC,H.  f( 


E£hy)eo«dajfitit 


Dipliefi; 


lyfeqpriiafmin . 


I  Si  J, 


Of  the  lAr^gp  number  of  com  pounds  whkh  bebng  to  this  class  of  bcdic?,  we  can 
oof?  meniioD  a  fr w  in  deuit.  A&  before  mentioned,  the  aimits  aie  ba^es,  or  organic 
alkalies.  They  unite  directly  with  adds  lo  form  sails,  and  their  chlorides  unite  with 
platiiik  and  auric  chlorides  to  form  double  sails  similar  to  those  formed  with  am- 
monia. When  heated  with  them,  amins  expel  ammonia  from  it&  ^l£.  The  lower 
members  of  the  gr<jup  are  gases,  while  the  higher  members  aje  liquids  or  solids. 
The  amins  rontaimnj?^  the  lower  alkvi  radical?  bear  the  closest  resemblance  to  NH^, 
but  are  even  more  strongly  alkaline.      In  some  rases  they  are  caustic*     They  have 

km  ammoniacal  odor.  They  precipttaie  the  hydroxides  from  many  of  the  metallic 
ialu^  the  precipitate  being  often  soluble  in  encess  of  the  reagent.  The  lower 
members  are  combustible  gases,  soluble  in  water.  The  solubility  decreases  as  the 
Immberof  carbon  atoms  increases.  The  ammonium  base^ — i.  e.|  those  compounds 
irhich  rt^cmble  NH^OH  in  constituikm— are  s^Ud,  hygroscopic*  and  resemble  KOH 
in  propf-rtics.  Somte  of  the  amins  occur  in  nature.  The  most  of  them,  however, 
are  products  of  synthcMS,     Mclhylamin  and  trimethylamin  occur  ready  formed. 

Preparation  of  Amini,— FiAi:  By  treating  the  cyanate  of  the  akobol  radical 
WJth  a  lolutiun  of  KOH. 

■  CNOC,H,  +  iKOH  =  CtH^H,  +  K^CO^ 

Tlik  reaciLiort  yields  only  primary-  amins. 
Second:   By  heatfng  a  concenlrated  s4.itytion  of  ammonium  hydroxide  with  the 
chloridej  iodide,  bTomj£»  or  nitrate  of  the  alcohol  radical. 
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NHjH     +     CHjI     -     NHjCH,     +     HI. 

AmmooLE,      Methyl  iotlide.      Methjrbmm. 

HI     +     NH,CH,     -     NHj(CHJL 

Methyljuni]!.         Methyl  mmnKJiiiuiti 

When  treated  with  KOH,  this  compound  gives  mcthylamin. 

NH»(CH,)I  +  KOH  =  MLjCtl,  +  KI  +  H,0. 

Mclhyliijnia^ 

When  mcthylamin  h  Irealcd  witb  Ciy ,  it  forms  dimethyl nRiumomum  Jodid& 

CH,I  +  NH,CK,  =  NH(Ch^)jHL 

This,  treated  with  KOH,  gtves  N!I(CH,V  By  tiraUng  Ihi.^  last  compoandt 
with  a  fresh  quantity  of  CH^I,  we  have  the  following: 

NH(CH3)a  +   aCHjI       =       N(CHJJ      +       HI. 

Tctramethj'l-AmEocKijURi 

Iodide.  

By  u^ing  ethyl  in  the  above  i&eries  of  reactions,  in  place  of  CHj,  we  obtain  a  serif* 
of  amins,  in  which  C,H^  takes  the  place  of  CHy  Numerous  isomers  cxisl  among 
the  amin  bases.  In  reacting  with  acids,  amins  behave  like  NH^  the  ammonium 
bases  like  NH|OH,  The  salts  ihus  obtained  are  while,  trystaJline,  frequently  hygrtj- 
scopic,  and  easUv  soluble  in  water.  The  chlorides  lornx  double  saUs  with  i*tCl^ 
simihirlo2NH,CiPtCU. 

Hydrojcylamin*— NHjO"H,  Thb  compound,  closely  related  to  ammunU, 
may  be  regarded  as  a  molecule  of  ammonia  in  which  one  hydrogen  ainm  has  ' 
replaced  by  the  hydroxyl  radical.  It  is  f>reparcd  by  treating  tin  with  diluted  nitrtCj 
acid,  or  a  mixture  of  this  and  hydrtK^hkmc  acid*  The  nascent  hydrogen  genemiedf 
red u ties  the  acid  and  forms  the  hydroxyl  amin» 

H— O— N^^  -f  jH— H  ^  H— O— NH,  +  ^jHjO. 

It  is  an  unstable  liqutd,  not  obtainable  in  a  free  «;tate,and  possc^cs decided  basic] 
pniptTties — i.  r.,  it  colors  red  litmus  paper  blue  and  combines  direcUy  with  acitbt 
form  salts. 

NH3OH   4-   HO         =         NHjOH^HCl, 

HydruKylufnia.  Hydruxylainiii  llydnx:hl<iridc« 

The  hydrochloride  has  been  used  as  a  local  application  in  certain  $km  discASd* 
such  as  psoriasis,  lupus,  etc. 

Methftamin,  NH;,CH^  occurs  in  certain  plants  {Mercuri<i!is  perennis),  in  Ui* 
distillalc  frum  bones  and  wood,  and  in  herring-brine.  It  Is  formed  in  many  dtt^cwJ^- 
positions  of  nitrogenous  t>odies.  It  is  more  strongly  basic  than  N  H,.  It  has  a  pow- 
erful ammoniacal  odor,  is  soluble  in  water^  and  iu  solution  l>chaves  with  mduls  | 
like  NH^OH,  It  h  a  colorless,  in  flammable  gas.  One  volume  of  water  dissolvrs 
]  154  volumes  of  the  gas.  It  forms  a  well-defined  series^  of  mcthylamm  salts  Willi tHe  ] 
acids,  which  are  generally  crystalli5jable  and  soluble  in  water* 

Dimethylamin,  NH(CH3)3,  octure  in  Peruvian  guano  and  in  pyroUgnwtis  | 
acid. 

Trimetbyl&miii,  NfCfla),,,  is  pretty  widely  districted  in  nature,  is  found  'ft  I 
herring -brine*  chenojjodium,  a  mica -flowers,  and  the  blossom  of  the  pear,  Jt  aUa  I 
occurs  naturally  in  cod-liver  oil,  guano,  human  urine,  in  rrgijt,  and  many  ftuffcr^^  I 
It  has  been  discovered  in  the  residue  from  the  evaporation  of  water  contamir»tf^| 
with  sewage.  Trimethylamin  txc urs  in  yeastj  and  is  fre<|uently  obtained  by  tli< I 
distillation  of  distillery  waste*  It  may  be  prepared  by  the  action  of  ptiluiitimJ 
hydroxide  on  many  vegetable  substances,  such  as  alkaloids,  elc.     It  is  an  oily  liq^Ji^ii  ] 
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aiaifis^  aborr  desoibcsi, 

^     ChoLm^    trimetlijl-ojcetlijl-ammoiiium  hjdioxide,    (CHJ^ 
N    A  I?   ^       r  OCCUJ5  in  cDinbif^tiofi  in   the  humaji  bcdy,  in  tbe 

complex  snbstance  known  as  ledtluii.  It  was  first  cti^ECovord  amo«^ 
the  deocymposition  producUof  tiie  biku  It  has  been  pFqianad  br  tbe  ac- 
Uoo  of  €lh>ieDe  odde  o©  trimetbykmin.  It  is  a  cdoricss  fiuid  of  ofly^ 
consbtcncj^  possesses  a  strong  alkaline  reaction^  and  fonns  ddiques- 
vmi  salts  wltli  adds.  Tbe  salts  ikiih  HO,  PtO^  and  AnCl,  are  the 
most  Important  Cbdin  Is  a  most  tmstabk  bod}-,  tbe  mat  beating 
of  Its  aqueous  soluliofi  sufficing  to  ^Iit  It  up  into  f^jct)!,  trimetbii' 
imlfi,  aiid  etbjlene  ojode.  It  nmy  be  prepared  imm  ibe  iroQ^  of  e|^ 
bjT  decomposing  tbe  residue  left  alter  complete  extraction  of  tbe 
substance  «itb  akohol^  by  boiling  it  for  an  bcmr  with  BaOjH,-  Tbe 
barium  compound  is  daoompc^ed  with  COj,  and  the  cboHn  predfntated 
from  this  solution  with  PtCl4.  By  oxidation  with  nitric  add  jt  yiekls 
an  extremely  poisonous  alkatoki,  muscarin,  C^Hi^'O^.  Cholin 
itself  is  more  or  less  poisomMts,  and  is  one  of  the  ptomaines  whidi 
occur  in  putrefying  animal  matters. 

Neiirin,     trimethyl  -vinyl  -  ammonium     Hydroxide.  —  NOH- 

!ji^rr^>.    This  substance  is  cbsely  rdated  to  cholin,  both  in  oom- 

positkm  and  origin.  It  is  a  decomposition  product  of  lecithin  and 
protagonf  and  is  formed  by  the  putrefactive  decomposition  of  solutions 
>ntainlng  animal  matters.  It  is  one  of  the  aikaloidal  bodies  known 
^as  ptomaines.  It  is,  like  cholin^  a  ^Tupy  fluid  with  a  strong  alkaline 
renclion,  and  is  extremely  soluble  in  water.  It  forms  double  salts 
I  with  platinum  and  gpid  chlorides,  similar  to  those  of  cholin.  ^etirin 
^is  a  much  more  powerful  poison  than  cholin. 

Muscarin,  (CH,),^=^N — ^CH-CH^OH,  is  closely  rektetl  to  choUn 

\0H  \OH 

md   neurin.     It  occurs  in  the  poisonous   mushroom,  Ago  Hems  mus^ 

iriuSf  and   is  produced   during   the   putrefactive  decomposition  of 

(albuminoid  substances.    The  free  alkaloid  forms  very  deliquescent, 

colorless^   odorkss,   tasteless,   and   strongly   alkaline  crystals.     It  is 
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a      Sfjluble  in  water  and  alcohol  in  all  proportions,  sparingly  soluble  in 
yO*^        cblomform,  and  insoluble  in  ether.     It  is  a  more  |K>werful  base  than 
^  ammonium  hydroxide,  and  forms  a  series  of  salts.     Like  cholin  and^ 

*  neurin^  it    is    a    very  active    poison.     The    symptoms    of    muscannfl 

poisoning  are   salivation,  vomiting  and   diarrhea,  contraction   of  th^' 
pupils,  diminution   of   the    rapidity   of   the   pulse,  interference   with 
respiration  and  locomotion,  gradual  depression  of  the  heart's  action, 
and  finally  death.     Atropine  is  physiologicaliy  antagonistic  to  mus- 
carine and  diminishes  its  intensity  of  action. 
-/    Piitrescin,  (CH2),(NHj)3  (tetram ethylene  diamin)  and  cadaverin, 
'{CHj)j^(NHj)3  (pentamethylene  diamin)  will  be  referred  to  among  the 
ptomaines.     Certain  diamins  have  been  found  in  traces  in  the  urine, ^^ 
but  they  have  not  been  well  studied,  H 

Piperarine,    Diethylenediamin.— N3 1  !?!  tr  x  =  t:^H,oNj.      This 

is  a  synthetical  compound  recently  introduced  as  a  solvent  for  unc 
add.  It  is  prepared  by  the  action  of  ammonia  on  ethylene  bromide 
or  chloride. 

The  reaction  Is  complex,  giving  salts  of  a  number  of  bases.  When 
this  product  is  distilled,  it  yields  a  distillate  between  130"  C  and  180* 
C.  (266*  F,  to  356*^  F.},  from  which  diethylenediamin  separates. 

By  the  action  of  a  nitrite^  this  is  converted  into  a  djnitroso-piperadne. 
This  substance,  when  treated  with  HCl,  evolves  nitrous  fum<s,  and 
forms  hydro  chlv>rate  of  piperazine, 

Piperazlne  is  a  white,  lustrous^  crystalline  solid,  melting  at  104^ 
C    to    107^   C.    (219,2^   F.    to    224.6°   R)    and   boiling  at    145°  C. 

It  is  very  soluble  in  water.     It  absorbs  water  and  CO3  from  the  i 
and  becomes  h queued.    The  aqueous  solution  is  nearly  tasteless  and;] 

has  a  strong  alkali  nc  reaction* 

The  compound  which  it  forms  with  uric  acid  is  seventeen  time 
more  soluble  than  lithium  urate,  it  being  soluble  in  fifty  parts  of  water. 
It  is  not  decomposed  in  the  body,  and  is  excreted  in  the  urine  as  1 
neutral  urate, 

*-^  AMroSj  AMIC  ACIDS,  ABD  AMIDO-ACIDS, 
An  amid  may  he  regarded  as  a  compound  formed  from  ammonia 
by  the  substitution  of  one  or  more  acid  radicals  for  hydrogen  atoin% 
or  by  substituting  NHj  for  the  hydroxyls  of  an  acid.  They  arc 
classified  into  primary,  secondary ,  and  tertiary,  and  into  monajnids 
and  diamids,  the  same  as  the  amins. 

C.H^OOH.  CHpNHj.  KjOjCO.  (NH,),CO.  I 

Acrlic  Acid.  Ac^iKtnjd-  C^rDonic  CatbttiOKi, 

Add. 

It  is  evident  that  a  dibasic  add  can  form  two  compounds  of  this 
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1,  according  as  one  or  both  of  the  OH  groups  are  repbced  by  NH^, 
iliere  only  a  part  of  ihe  HO  is  replaced,  it  forms  an  amk  acid,  and 
when  both  are  repkced  it  forms  an  amii 

An  aniic  acid,  then,  is  an  add  formed  by  substituting  NH^  for 
a  part  of  the  hydroxy  I  in  a  polybasic  acid. 


farms   "^^>CO   m&d  J1'h*^CO 
MfiJiCfi^   forms   ^^>CJ0^  and  S2*>C^i 


H— O— C^O 
Cbt bomc  Add. 


Oi4lic  .%dd*  Oiimic  Acid. 

An  amido-acid  h  a  compound  formed  by  replacing  one  or  more  H 

» in  the  radical  of  an  organic  acid  by  amidogen,  NH^. 
Thtis,  amido-acelic  add  has  the  comrxj^iition,  CtyCHjCOOH. 
The   Imids  differ   from   amids    in    contatning    UN",  where   the 
tier  contain  NH'j.    Thus,  from  carbonic  add  we  may  have: 

COfNHJ,    and     CONIL 

CftrtAmid.  Carbimid, 

Amids* — The  amids  differ  from  the  amins  in  having  an  add 
ladiad  where  an  amin  has  a  hydrocarbon  radlcaK  The)'  may  be 
primary,  secondary,  or  tertiary.    They  may  be  monamids,  diamids, 

I  or  triamlds.  The  primaiy^  monamids  containing  radicib  of  the  fatty 
sidd  series  are  solid,  crystallizable  bodies,  neutral  in  reactionf  volatile 
without  decomposition,  and  are  usually  soluble  in  alcohol  and  ether. 
They  unite  with  adds  to  form  salts.  They  also  unite  with  certain  alka* 
line  hydroxides  to  form  metallic  ^alts- 

I  Formaitud,  XH^CHO,  is  a  colorless  liquid,  soluble  in  water  and 

alcohol,  boiling  at  tg2°  C,  (377.6**  F,)  wnth  partial  decomposition. 
It  is  prepared  by  heating  ethyl  formate  with  an  alcoholic  solution  of 

I  ammonia,  or  by  the  dry  distillation  of  ammonium  formate.  It  com- 
bines with  chloral  to  form  a  compound  which  has  been  introduced 

I      into  medidne  as  a  h)'j>naUc  under  the  name  of  chloralamid. 

[  Ac«tttinld|  NHj .  QHjO,  may  be  prepared  by  heating  ammonium 

I      aoetate, 

l!  crytUkSllzcs  in  long  needles  melting  at  82**  C.    It  dissoK^es  with 
^^^sc  in  water  and  alcohoL 

H     CWoralamid,  chloralformamidum  (U.S.  P-),  NH I  ^^^^^  ^^ 

^^1  a  oompound  formed  by  the  direct  oombtnation  of  equal   molecules 

l^of  fbrtnamid  and  chloral.     It  occurs  in  the  form  of  colorless,  odorless, 

bdmfy  bitter  crystals,  fusing  at  115^  C  (239^  F.),  and  is  sparingly 

soiuble  in  water.    It  requires  about  ao  parts  of  coM  water,  or  1 J  parts 
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of  96  per  cent,  alcohol,  lo  dissolve  i  part  of  the  substance.  Hot  water 
decomposes  it  into  chloral  liydrate  and  ammonium  formate.  The 
same  effect  is  produced  by  alkalies,  but  not  by  dilute  adds.  Il  '\s 
emfvloyed  as  a  hypnotic  in  from  10-  to  40'grain  doses. 

Urea,  carbamide  (NHj)jCOp  is  the  chief  nitrogenous  constituent 
of  urine.  The  urine  of  birds  contains  a  small  quantity.  Whea  on  a 
mixLYl  diet  tlie  average  normal  human  urine  contains  from  2.5  to  3.5 
per  cent.,  the  average  daily  excretion  being  about  30  gm,  Il  is  abo 
found  in  minute  quantities  in  normal  blood,  serous  Eulds,  lymphs  per- 
spiration, and  the  aqueous  humor.  It  is  also  met  with  in  the  liver.  It 
crystallizes  from  a  concentrated  solution  in  the  form  of  long,  thin, 
gli^^tening,  needle-shaped  crystals.  If  deposited  slowly,  it  fonm 
anhydrous,  four-sided  prisms  with  pyramidal  ends*  Urea  is  nty 
soluble  in  cold  water,  less  soluble  in  alcohol,  and  insoluble  in  pure 
ether  and  petroleum  ether.  It  possesses  a  somewhat  bitler»  cooling 
taste,  resembling  that  of  saltpeter-  It  may  be  prepared  fn>m  the 
urine  by  concentrating  to  a  syrup,  extracting  the  residue  with  boiling 
alcohol,  and  concentrating  the  alcoholic  extract  by  slow,  spontaiveous 
evaporation,  until  the  urea  crystallizes  out.  It  is  then  purified  by  n;- 
ayslallization  from  alcohol^  decolorizing  with  charcoal  if  necessan'. 
Or,  the  urea  may  be  precipitated  as  nitrate  by  the  addition  cpf  nitric 
acid  to  the  concentrated  and  cooled  urine.  The  nitrate  is  then  fie- 
com}x»sed  by  suspending  it  in  water  and  adding  barium  carkknate. 
The  urea  is  then  cn^stallized  as  before.  It  may  be  prepared  syntheti- 
cally in  several  ways.  The  most  convenient  method  is  by  mlm^ 
equal  quantities  of  ammonium  sulphate  and  |:>otassium  cyanate.  The 
ammonium  c\'anate  thus  formed,  on  being  evaj>orated  to  drvness^  ii 
transformed  into  urea,  NH^CON  =  NH^CONHj.  This  synthesis  was ' 
performed  by  Wiihlcr  in  1S2S,  and  was  the  first  substance  of  aninial 
origin  that  was  artificially  prepared,  and  may  he  regarded  ii*  the 
beginning  of  synthetic  chemistry.  Urea  forms  well-defined  salts  ^dih 
both  bases  and  acids.  The  nitrate,  (NHj)3CO  .  HNO^,  is  easily  f^* 
taincd  from  urine  by  evaporating  it  dovm  to  about  one-fourth  its 
volume,  adding  pure  nitric  acid,  and  keeping  the  solution  cool.  Tbe 
crystals  will  separate  in  a  few  minutes  in  the  form  of  rhombic  tubfe 
frecjuently  aggregated  into  masses.  The  crystals  are  only  slightly 
soluble  in  HNO3,  or  alcohol,  but  are  stjluble  in  water.  The  oxabtcof 
urea  crystallizes  out  in  rhombic  tables,  closely  resembling  tho^e  of 
the  nitrate,  and  under  the  same  conditions.  Of  the  many  salts 
which  urea  forms  with  bases  and  salts,  that  which  it  forms  with  rn^- 
curie  nitrate  is  important,  because  this  salt  is  used  as  a  reagent  for  the 
quantitative  estimation  of  urea.  When  a  solution  of  mercuric  nitrat* 
is  added  lo  one  of  urea,  a  precipitate  is  formed  as  long  as  urea  rcoiaiDS 
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SE>lut]05,  Urea  may  be  hen  ted  dry  lo  about  120^  C*  (248**  F.) 
ftilhtiut  decomposing,  but  at  about  132,6°  C  (271°  F.)  it  gives  off 
iiainoma,   and   at    iso^  C,    (jo2°   F*J    it   is   converted    largely  into 

3(NHJCO  -  NH^CONHCONH,  -f-  NH,» 

On  tieating  to  a  higher  temperature, — about  200^  C;  (392°  F.),— it 
B  hrgciy  converted  into  cyanuxic  acid.  When  boiled  in  water  vkith 
difute  H^O^  or  alkalies^  it  gradually  absorbs  two  molecules  of  water, 

Itid  is  converted  Into  carbonic  acid  and  ammonia.  A  similar  change 
•is  prsrxluced  under  the  influence  of  certain  micro-organisms,  which  cire 
found  in  urine  undergoing  the  alkahnc  fermentation.  The  best  known 
erf  &cse  is  the  micrococcus  ure^,  from  which  a  sc:iluble  hydrolytic 
tn^yme,  urease »  may  be  extracted.  The  most  prolific  source  of  urease 
is  lilt;  mucus  secreted  in  inflammatory  diseases  of  the  bladder.  In 
«ich  c^es  the  enzyme  seems  to  be  associated  with  mucin^  and  is 
pcisumabty  secreted  by  the  mucous  membrane.  This  explains  why, 
in  iSJ  inflummator)'  diseases  of  the  bladder,  the  urine  so  readily  under- 
pies  the  alkaline  fermentation.  When  treated  with  nitrous  add,  urea 
imder|*i)es  decQmjM>&iiion  into  COj,  N,  and  HjO.  A  similar  decompo- 
L  is  obtained  bv  the  action  of  NaOCJ  or  NaOBr, 


(Niy,CO  +  jNaBrO  ^  jNaBr  +  CO,  +  N,  +  2H,0, 

Since  tlie  volume  of  N  evolved  is  constant  for  a  given  weight  of  urea, 
Ail  miction  is  made  the  basis  of  a  method  for  the  quantitative  estima- 

Sol  urea.  %n  urine.  Urea  may  be  detected  in  solution  by  evaporation 
joitric  add  or  oxalic  add,  and  examining  the  crystals  under  a  lens. 
pric  nitrate  should  give  a  precipitate  in  the  absence  of  sodium 
Idc  to  excess, 
mile  Acids,— We  have  denned  these  adds  as  formed  by  replacing 
a  |itJl  of  the  hydroxyl  of  a  polybasic  acid  by  amidogen,  NH,.  Tht^ 
^Mre  jomrtimes  called  add  amids,  which  considers  them  to  be  de- 
Hpvrd  fmm  ammonia  by  replacing  one  atom  of  H  in  NHj  by  an 
^ncid  whicli  still  rcLiins  at  least  one  hydroxy h  There  are  but  a  few 
Birf  Ifcoe  zciiU  met  with  in  pharmacy  or  in  medidnc.  They  exhibit 
hlh  and  and  b;vsir  pn>]jerlics* 

Ctrbamic  Acid  (Amino-formic  Acid),— The  ammonium  salt  of 
IIb  add  to  foimd  In  urine  and  in  the  blood*  It  may  be  formed  by 
itidbiag  iJbumio  witii  potassium  permanganate^  or,  by  the  action  of 
ffc^r  iamaoia  on  dry  CO^. 

CQ.  4^  iNH,  *  NH,— O— GO .  NHj, 

The  acid  is  mit  known  in  the  free  state. 

Iflmooisiiii  caitemate  forms  spontaneously  in  solutions  of  am- 
n 
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monium  carbonate  (sec  Ammonium  Carbonate).  The  ammonium  salt 
is  a  while,  crystalline  mass  very  stiluble  in  water.  Its  solutions  art 
unstable,  partly  changing  into  ammonium  carbonate,  WTien  it  is 
heated  to  60''  C.  (140^  F.)  it  splits  up  into  NH^  and  CO2.  men 
heated  to  140**  C.  (284°  F,)  under  pressure  it  is  converted  into  urea- 

NH,  —  O— CO— NH,  -  CO(NH^,  +  H,0. 

Amido-acids,  or  Amino -ac ids >^These  acrds  may  be  regarded  as 
organic  adds  in  which  a  hydrogen  in  the  radical  has  been  repbcd 
by  amidogen,  NHj.  These  acids  are  of  great  importance  in  physio- 
logical chemistr)%  as  they  are  found  in  many  of  the  secretioni  and 
take  an  important  part  in  tissue  changes.  Several  of  them  result  from 
the  decomposition  of  nitrogenous  tksties  and  are  found  arooRg 
the  intermediate  products  of  retrograde  changes  in  the  body,  Thf 
amino-acids  form  salts  with  both  acids  and  bases.  They  can  also  permit 
of  substitutions  in  the  amidogen  group,  and  thus  form  a  variety  of  ^ 
complicated  compounds, 

Amino-acetic    Acid,  Glycocol,   Glycin.— CH^H^COOH  may 
be  prei>ared  by  boiling  glue  with  H^SO^  or  BaO^H^,     It  can  also  be  , 
prepared  by  the  action  of  ammonia  on  monochloracetic  add. 

CH,ClCOOH  +  NH,  =  CH^H^COOH  +  HCL 

It  may  also  be  prepared  from  ox-bilc,  from  uric  acid,  or  by  the  actioii 
of   formaldehyde   upon   a   solution   of  hydrocyanic   add*    CHjO  + 
HCN  +  HjO- NH^CHjCOOH.     It    forms    large,     colorless,    trans- 
parent crystals,  having  a  sweet  taste  and  melting  at  170"^  C»  (jjS^  ^')^  H 
and  decomposing  at  higher  temperatures.     It  is  sparingly  soluble  m 
cold  water,  but  more  soluble  in  w^arra*     It  is  insoluble  in  alcohol  and 
ether,  and  has  an  acid  reaction.     It  combines  with  acids  to  form  crys-  h 
talline  salts,  which  are  generally  decomposed  by  boiling  water  or  ^  V 
treatment  with  strong  acids.     When  heated  under  jjressure  with  ben-     ' 
zoic  acid,  it  forms  hippuric  acid.     Its  acid  function  is  more  marked 
than  its.  basic.     It  expels  carbonic  and  acetic  acids  from  many  of  ^^^^ 
salts.     With  ferric  chloride,   Fe^Cl^,   it   gives  an   intense  red-coloi*^ 
solution,  discharged   by  acids  and   returning  on   neutralization,    h 
giv^  a  characteristic  copper  salt,  like  most  of  the  amido-acids.    This 
salt  serves  for  the  separation  of  these  acids. 

Glycocol  does  not  occur  in  the  free  state  in  the  animal  body,  hiit 
enters  into  the  composition  of  several  important  substances,  more 
especially  hippuric  and  glycocholic  acids.  It  exists  in  combination  ii» 
the  gelatins,  and  in  the  bile  as  sodium  glycocholate, 

Hippuric    Acid^  Benzamidacetic   Acid,  BenzoyUglycocoL'^ 

xCOQH, 
N— C^HjO ,  OH,     This  acid  is  found  in  the  urine  of  herbivof*JUS 

XH 
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and  in  small  quantity  in  human  urme^  When  benzoic  acid 
or  atl  of  tjittfT  almonds  is  taken  inlernally,  hippuric  acid  appears  in 
the  urine,  it  is  generally  prepared  by  evaptiraling  the  urine  of  the 
am  or  hctBe  to  one-ienih  its  ^-olume,  and  precipitaUng  with  hydro- 
cMoric  mdd,  ll  forms  brge,  rhombic  prkms,  soluble  In  hot,  but 
spafiQi^y  in  cold  water;  soluble  in  aicohoJ,  but  oot  in  ether.  The 
hippumtes  nsemble  the  benzoates. 

(H 

M etbyl-glycocol,    sarcosin,    K  <  CH^  ,  Is  found  only  in 

(  CHjCOOH 
tumbinatkm  in  the  human  body.     It  is  of  s^jme  interest  as  having 
beco  employed  in  experiments  to  determine  the  cirigin  of  urea  in  the 
body.    It  combines  with  c>'anamid  to  form  creatin.     It,   therefore, 
enters  bito  the  com|Xisition  of  creatln, 

Cieatln^  Hetbyl^tianidiiiacetic  Acid. — 

^  — H  /N{CH^  ,  CHj ,  COOH 


/ 


N^«C, 


NH, 


=  C,H^N,Oj.       WTien     mcthyl-gly- 


I 


okdI  is  treated  with  cj^anamid,  creatin  is  produced.  When  cyan- 
ss  treated  with  boiling  baf)'ta  water,  it  takes  up  a  molecule  of 
and  forms  urea. 

CNNH,  +  H,0  -  CO(NHJ,, 

ihcn  creatin  is  similarly  treated,  it  yields  sarcosin  and  urea, 
ittg  the  relation  between  tirca  and  creatin,  which  body  is  prob- 
Mf  one  of  the  sources  of  urea  in  the  human  body.  Creatin  occurs 
diUEClcristically  in  the  muscles^  and  hence  in  meat -extracts.  The 
amoiuot  is  variable,  but  may  be  taken  as  from  0.2  to  0*3  per  cent,  of 
ibe  vetght  of  the  mus*:lc.  It  is  alsti  found  in  nervous  tissues  and  in 
tet^omJ  QiJier  tissues  of  the  IxxJy.  Il  may  also  be  found  in  the  urine^ 
whtre  it  b  believed  to  Ix*  derived  from  crealinin.  Creatin,  when  pure, 
ionft^  white,  opaque,  colorless,  transparent  cr)'stals.  It  is  soluble  in 
iCi'eijly-fivc  parts  of  water,  slightly  s<iiublc  in  alcohoK  and  insoluble 
b  ether.  Its  solutions  are  neutral  in  reaction.  Creatin  is  a  weak 
bise^  focraing  crystiHine  comjMmnds  %vith  some  of  the  adds.  It  is 
inn<4  easily  prepared  from  extract  of  beef,  which  is  dis.^>lved  in  water, 
lirvdpjt&tcd  mth  basic  ai"et:ile  of  leatl,  filtered,  and  the  lead  separated 
feint  ihc  filtrafr  with  H^S,  c<*nccntr«ted  at  a  moderate  temperature  to 
a  syrup,  aixi  >ct  aside  to  crvstanize. 

-  .5s*(CHJ .  CII3 

Cieetijiia;-NH"=C;  |      -C,HJ^,0.    Asi  stated  above, 

^Kil   _  CO 
am6t^  auLy  easily  be  derived  from  creatimn,  and  the  reverse.    Creatin 
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very  readily  loses  a  molecule  of  H^O,  and  thus  becomes  creatiniii, 

Creiilinm  occurs  normally  as  a  constant  constituent  of  the  urine,  vary* 
ing  in  amount  from  0*5  to  4.9  gm.  per  day^  according  to  the  amount 
of  meat  eaten.  It  crystallines  in  colorless  prisms  or  tables^  according 
to  the  condition  in  which  it  is  cn^slallimi.  It  frequently  assumes 
the  peculiar  whetstone  shape  of  uric  acid  crystals.  It  is  readily  soluble 
in  cold  water  and  in  alcohol,  but  is  scarcely  soluble  In  ether,  and 
does  not  api>car  as  a  sediment  in  urine.  Its  solutions  are  usually 
alkaline,  and  it  acts  as  a  i>owerfiil  base,  forming  compounds  with  the 
acids  which  crj'stallize  w^elL  It  is  precipitated  from  its  solutions  by 
ZnClj,  in  the  form  of  a  crystalline  precipitate  or  w^arty  lumps  of  aggie- 
gated  cr>^stals.  This  compound  is  formed  whenever  the  solutions  are 
brought  together  in  a  neutral  and  somewhat  concentrated  form.  The 
addition  of  alcohol  to  the  solution  renders  the  precipitate  more  com- 
plete. This  compound  with  ZnCIj  is  employed  as  a  characteristic 
test  for  creatinin. 

Leucin,  amino-caproic  acid,  (CHajCH,.  CH^.  CH,.  CH(NHj). 
COOH,  k  a  product  of  the  decomposition  of  proteins  and  gelatij 
by  either  boiling  acids,  caustic  alkalies,  pancreatic  digestion,  or  pu 
facti%^e  fermentation.  It  occurs  normally  in  variable  amounts  in  the 
pancreas,  spleen,  thymus,  thyroid,  liver,  and  salivary  glands;  also  in 
plants,  such  as  bulbs,  tubers,  and  seeds,  where  reserved  material  11 
stored.  It  is  most  easily  prepared  by  pancreatic  digestion  of  proteii 
when  it  is  produced  in  quantities  of  from  S  to  10  per  cent*  of  the  prot 
digested,  and  is  then  always  accompanied  by  lyrosin*  It  sometim* 
occurs  in  the  urine,  particularly  in  cases  of  acute  yellow^  atrophy 
the  liver,  although  It  does  not  always  occur  in  this  disease.  Leudn 
forms  yellow-brown  spheres  consisting  of  masses  of  needle-shaped 
crystals,  soluble  in  w^ater,  slightly  soluble  in  alcohol,  and  insoluble 
in  ether.  Under  the  microscope  the  spheres  resemble  fat-globules. 
When  pure  it  forms  very  thin,  whiter  glistening  crystals.  Leutio  is 
very  soluble  in  the  presence  of  acids  and  alkalies,  the  add  solution 
being  levorotator>%  the  alkaline  solution  being  dextrorotatory*  Whea 
heated,  leucin  decomposes  into  CO3  and  amylamin. 

QHjjNO,  -  CO,  +  C,H,,NHr 

With  HjS04  it  gives  ammonia,  NH^p  and  valerianic  acid.  With 
oxidising  agents,  as  potassium  permanganate,  it  gives  oxalic  add, 
carbonic  acid,  valerianic  acid,  and  ammonia.  It  is  probable  thai 
similar  decompositions  occur  in  the  human  IxkJv.  It  is  probably  one 
of  the  intermediate  products  in  the  formation  of  urea  from  tissue , 
proteids. 

Tyrosin,  Amino-hydroz^fphenylf  propionic  Acid,— Propionic  a 

\  ^'  ^^ 


the 

i  in 
til 
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lias  the   formula   C^Oj.    Amido-proptonic  acid   has   the   fornfiula 
Cyi^NHjCOOH,     Amido-ox>^henvt-propiomc  acid   has  the  formula 
NH, 

Tywdn  usually  accompanies   leucin, 
UOCJi, .  CH, .  CH  .  COOH. 

though  in  less  amount,  as  the  product  of  the  pancreatic  digestion 
of  proteids^  but  not  of  gelatin.  It  is  also  a  product  of  the  putrefac- 
tive decomposition  of  proteids  and  gelatin,  as  well  as  of  the  action 
of  boiling  mineral  acids  and  alkalies.  It  is  found  normally  in  the 
pancreas  and  some  other  tissues.  It  occurs  in  the  urine^  together 
^ith  leucin,  in  phosphorus  poisoning,  and  in  certain  diseases  of 
the  liver,  especially  in  yellow  atrophy.  It  is  also  present,  along 
with  teucin,  in  many  planl-lissues,  Tyrosin  sometimes  appears 
as  a  sediment  in  urine,  and  crystallizes  in  very  fine  needles,  usually 
collected  together  in  feathery  masses*  The  crystals  are  colorless, 
tasteless,  and  odorless.  They  arc  sparingly  soluble  in  cold  water, 
almost  insoluble  in  alcohol,  and  quite  insoluble  in  ether.  They  are 
readily  soluble  in  acids  and  alkalies.  It  may  be  obtained^  along  with 
leucin,  by  boiling  horn-shavings  with  HjSO^  {5  of  acid  to  13  of  water). 
The  H3SO1  is  separated  wlh  lime,  and  the  filtrate  from  the  CaSO^ 
evaporated  down  and  cr}^stalliaed.  It  is  purified  by  retT>'staUizing 
from  boiling  water.  When  heated  with  Mi  lion's  reagent,  tyrosin  yields 
a  brilliant  crimson  or  pink  coloration.  If  moistened  on  a  watch-glass 
with  strong  HjSO^  and  warmed  for  five  or  ten  minutes  on  a  water- 
bath,  it  forms  tyrosin-sulphonic  acid  and  turns  pink. 


Afpflragm,  Amido-aspartic  acid.— COOH .  CH^ .  CH ,  NH, .  CONH,.  As- 
pftmgiri  occurs  in  sprouting  kmine  SK-^h  to  the  ejftcnt  of  20  to  30  per  cent. 

Glutamic  acid,  ainido-glutaric  acid*  COOH .  CHNH, .  CH,  CH»  COOH, 
m  also  found  in  spmuting  seeds. 

Aapartic  add,  COOH  .  CHNH^ .  CII^ .  COOH,is  prepaiw!  by  the  hydrolysia 
of  asparagin. 

limn.— NH,.CH,.CH,.CH,XH,.CH  :^05jj  badiaminoHadd  obtained 

by  tiie  splitting  up  of  protdds  by  hydrolvsk 

Aifuiiiijjtuimidm).  C^H„N/>j;  hastidin,  QHnNjOj;  omithin;  C^HijN.O,; 
tdd  etfnOfilil,  C^Hj^N^Oy  are  similar  products  which  are  obtained  by  the  hydroly^ 
th  of  proteids.    They  arc  all  djamido-  or  pf>lyamidoH:onipouiMis* 

PkralMUitc  acid  I  CiH,N,Oj,  is  obtained  by  the  oxidation  of  uric  acid  with  nitric 
arid^  aking  with  a  moJecuIe  of  alloxan  and  one  of  urea.  By  further  oxidation^ 
alki:ian  h  converted  into  parabanic  acid,  or  03calyiirea  and  CO^ 

C.H,N^O,  +  O  +  HjO  -  CH,N,0,  +  (NH,),CO, 


Uric  Aod 


^iSS^^ 


Un», 


C,H^N,0^  +  O  -  C,H^,Oi  +  CO, 


Add, 
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When  parabanic  add  Is  healed  with  alkaJies,  it  forms  oialunc  acid,  and  tSSlil 
prolonged  boiling    is  converted  into  urea  and  ojcaljc  acid*     By  oxidation  wilt  ' 
KjMn^Og,  nrk  acid  is  decomposed  into  allantoin  and  COj»     Alkntoin  withHNC^ 
giv^  tirea  as  one  of  ils  deccimpodlion  products- 

Oxaluiic  acid,  CgH^NjO^  occurs  in  minute  traces  ia  human  uiine*  and  Is  ■ 
white,  crystalline  powder,  not  verj'  soluble  in  water.  It^aUcalinesalts,  howevicr,4?c 
readily  sriluble. 

Allaotain^  C^IIiN^Oj,  is  a  characteristic  constituent  of  Ihe  allantoic  fluid  and 
of  the  amniotic  fluid*  It  is  also  found  in  the  urine  of  many  ammais  for  a  short  ppfiod 
after  their  birth.  It  is  found  in  the  urine  after  the  internal  adjministraUon  of  urif 
add*  It  has  been  found  aUo  in  vegetable  tissues.  It  crj^tallizes  In  ^mall*  ihiiiii»g» 
colorless,  hexagonal  prisms. 

AUoxan,— fc^HjNjO^,  This  is  one  of  the  decomposition  products  nl  uric  add 
under  mild  oxidation.  It  has  been  found  in  the  intestinal  mucus  in  cases  of  dkr* 
rhea.     It  trvstCillLics  in  colorless  crj'stals  readily  stjluble  in  whaler. 

Murexidj  ammonium  purpurate,  C(,H4tNHJN50^  k  produced  by  t^f  oxi- 
dation of  uric  acid,  aUoxan,  guanin,  and  a  number  of  other  dcriva Lives  of  lifK  wd 
with  a  subsecjuent  treatment  with  NH^OH*  It  Is  an  ammonium  salt  of  a  hypothet- 
ical acid  which  has  not  yet  been  isolated.  It  is  of  a  brilliani  reddish-purple  color* 
and  is  formed  in  the  murexid  test  for  uric  acid. 

GlycochoUc  acid, — C^H^NO^.  The  bile  contains  the  sodium  sails  of  two  amino- 
acidst  and  several  adds  derived  from  these  by  decomposition*  The  two  ao^ 
contained  in  the  bile  are  gl\'cocholic  and  tauixxiholic  acids,  which  occur  as  sodium 
salts*  Glycocholic  acid  occurs  in  two  forms,  the  one  as  fine*  cryslaHine  needH  M'^ 
the  other  as  an  amorphous,  resinous  solid*  It  is  monobasic*  It  is  soluble  in  hy^ 
chloric,  sulphuric,  and  acetic  acids»  without  decomposition:  soluble  in  glyrerm, 
slightly  soluble  in  cold  and  readily  in  hot  water;  very  soluble  in  alcohol  Wt" 
insoluble  in  ether.  VVlien  boiled  with  alkalies  or  mineral  acids,  it  sptrti  up  ^^ 
cholic  acid  and  g)yco€iii> 

Cbolic  Add.  GiyoDon. 

AMIHO-ACIDS  COHTAINIHG  SULPHUR. 

Cystin,    sulpho-amiiio-lactic     acid,  ■S,<g{^J^gJ2j^2SJ 

is  a  consdtuent  of  rare  urmary  calculi  occurring  in  men  and  indo^ 
It  is  occasionally  found  in  lie  urines  from  which  it  sqiarates  as  i 
sediment  on  standing*  It  is  prepared  from  this  sediment,  or  from  3 
cystic  calculus,  by  solution  in  ammonia  and  crystallizing.  It  cf}'SiaIliK€S 
in  regular  six-sided  tablets,  characteristic  in  appearance.  It  is  msolu* 
bk  in  ether,  alcohol,  and  water,  but  is  readily  soluble  in  NHpH^ 
When  boiled  with  NaOH,  a  sulphide  of  sodium  is  obtainetj,  whici* 
gives  a  dark  stain  on  silver  coin. 

Taurin,  amino-etliyl    sulpiiotiic  acid  N  \  ^*  occurs 

in  traces  in  the  juice  of  muscles  and  of  the  lung.  1 1  is  known  chieflf 
as  a  constituent  of  tuurocholic  acid,  one  of  tlie  characleristlc  biiinry 
acids,  especially  of  the  carnivora*  It  cr^'^slallizes  in  color  less  j  four  uf 
six-sided  prisms^     It  is  readily  soluble  in  water,  less  so  in  alcohol 
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Its  solutions  arc  neutral.  It  is  a  very  stable  compouod,  resistii^  a 
teanfi^ture  of  less  than  240^  C.  (464^  F.),  and  is  not  decomp<^ 
by  diluted  alkalies  or  adds^  even  on  boiting.  The  metallic  salts  do 
not  precipitate  it.  It  may  be  prepared  from  oxbOe  by  boiling  for 
several  hours  with  diluted  HCL  A  resinous  scum  separates,  and  the 
bile  adds  are  then  predpitated  from  the  liquid  iiith  lead  acetate,  the 
excess  of  lead  being  removed  with  H^S.  The  filtrate  from  the  FbS  is 
concentrated  and  set  aside  to  crj'stailize.  It  is  punned  by  recrv^tal- 
lixaiioD.  Wlaen  tauiin  is  introduced  into  the  alimentary  canal^  the 
larger  part  appijars  in  the  urine  in  combination  with  carbamic  add 
as  taurocarbamic  add.  When  injected  subcutaneously,  it  is  largeljr^ 
excreted  in  an  unaltered  form. 

Tatirocholic  acid,  C^H^^SO.,  occurs  in  small  quantity  in  human 
bile,  but  in  larger  quantity  in  that  of  the  cami%ora.  It  is  soluble  in 
Water  and  alcohol.  With  boiling  alkaUne  or  add  solutions  it  forms 
dtollc  acid  and  tauiin,  QH^NSO,.  The  spontaneous  decomposi- 
tioo  of  bile  causes  the  same  change. 

Both  glycocholic  and  taurocholic  adds  form  salts  which  have  the^ 
power  of  dissolving  cholesterin  and  of  emulsifying  fats.     They  alsal 
form  insoluble  compounds  with  the  salts  of  the  aikaknds  and  with 
peptone.     These  salts  are  soluble,  however,  in  excess  of  the  biliary 

I  salts.  The  taurochokte  of  morphine  is  crystallizable-  The  glyco- 
diolate  of  sodium  may  be  prepared  from  fresh  ox-bile.  They  may  be 
predpitated  from  neutral  solutions  by  lead  acetate,  but  the  prcdpi- 
tate  is  soluble  in  an  excess  of  the  predpitanL 

Tettt  for  Biliary  Acids* ^To  a  solution  of  the  billaTv  add*  add  a  few  <li^op»  ol 
a  soltuion  of  cane^ugar  (1  i  ro),  and  then  strong  sulphurk  ax: id.     A  iherry-lBdpj 
IdUoved  hy  a  deep  purple-violet  color  b  produced.     This  test,  kmtwn  as  **^*^ 
kofer^s,  cmn  not  be  applied  to  organic  luixturea,  a»  uriiiet  Ijctause  numeioufl  other 
bodies  give  the  same  color.  *  t    w 

To  »pply  it  to  such  mixtures,  evaporate  to  dryness,  e:ihaust  tlie  n^uluc  with  ah- 
wfttte  akohot,  decolorize  the  solution  with  animal  chaxxoal,  evaporate  lodrjmmf         ^ 
ili^K))¥e  in  water,  and  then  test  aa  above*  j^a 


THE  BEHZEHE  OR  AROMATIC  HTOROCARBOHS, 

^is  series  of  hydrocarbons  is  called  the  benzene  scries,  because  they 

are  aU  derivatives  of  benzene;  and  aronaatic,  because  most  of  them 

have  an  aromatic  odor  and  taste, 

^      The  compounds  of  this  series  differ  from  those  thus  tar  men- 

B^oned,  In  the  structure  of  their  molecules,  in  that  the  carbon  atoms  arc 


in^  in  the  form  of  a  closed  chain,  or  cycle. 
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/.  e.,  every  carbon  atom 

other  hydrticarbt>ns  we  have  nt»ticed  a  difference  between  t 
onc^  and  the  uthers.  The  H  atoms  in  bemtene  are  all  alike 
haviur*  We  arrive  at  the  idea  that  ihe  C  atoms  are  in  a  close 
by  the  following  facts:  Benzene  takes  up  two,  four,  or  six  M 
H,  CI,  or  Br,  according  to  the  conditions  of  the  experiment 
zene  thus  becomes,  under  the  probngeti  action  of  HI,  hexa 
benzene,  CbH,^,  but  the  continued  action  of  HI  does  not  inc 
it  any  more  H  atoms*  If  the  carbon  atoms  were  arranged  in  i 
chain,  it  would  become  C^Hi^  when  all  bonds  on  the  carb<d 
have  been  saturated.  I 

The  hexachloride  of  l)en2ene,  CflH^jCl^,  when  once  forr 
fuses  to  take  up  more  chlorine.  The  same  is  true  of  the  hexat 
In  order  to  give  an  explanation  of  these  facts,  it  is  necessiiry  to 
one  of  the  following  graphic  formula;  as  the  proper  arrange 
the  C  atoms  in  its  molecule;  i 

H  H  H       ! 

c  c  c     ; 


Hi 


^\ 


CH 
CH 


/ 


HC 


\ 
CH 


/ 


HC.  ^C^ 


\ 


HC        CH  HC'''^^Ca 

%y  \/  v  ; 

C  C  C       , 

H  H  HI 

The  first  one  of  these  three  formulae  is  the  one  suggested  by 
in  r866,  and  is  the  one  now  generally  accepted  as  most  in 
with  all  the  known  reactions  of  benzene. 

When  di-derivatives  from  benzene  are  formed,  we  find  till 
sible  isomers.  If  we  examine  the  possible  formulae,  we  f 
following  possible  groupings,  in  the  case  of  the  alcohols: 


OH 
C 


HC^ 


HCj 


,COH 


:h 


Qitlio-dihydraxy-beiuciie,  tuf 


OH 
C 

/'\ 

HC^     (CH 

II     i 

HC,     ,COH 

V 

H 

Mela  dihvdrtiJEy-bcaseae,  or 


OH 
C 
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C^     ,CR 
,CH 


H 
HC, 


OH 

F«rii-(ti  hydroxy  lKfn;i 
Hydr<K]ULDao. 


THE  BENZEXE  OM   AMDMATU: 

In  like  maimer  Uicre  are  thicc 
three  dinitrobenzenes^  but  do  moffc     Bf  i 
tlie  two  hydroiyk  could  not  be  pbcad  In 

the  above  three  formuis.     For  if  the  OH  ^Wpft  «^e  pfaci4  «•  Ar  C 
atoms  I  and  6,  we  should  haire  die  mmm  csHpavnl  i«  ff  plKni  mm  f 
and  a  -  or  If  placed  on  i  aod  5,  the  efteci  woJA  be  1 
on  t  and  3,    The  beozeQe  ttyd^DearboBi  ac^  j 

experiment.  Hydrocaiboosof  tbisa 

thb  difficulty  of  oxidaiion,  dmmidmm  J 

the  bcNiy,  or  are  eUminated  in  die  nrior  widb  Ac  wmdammtsmt.    For  1 

example:  Salicylic  acid  and  phoxil  or  cmffiaSc  j 

unchanged  or  but  sl^htfy  dau^gcd.    The  lover 

are  mosUy  liquids,  ii^oluble  in  vmi«r,  but  lokibfe  m  i 

fljid  distil  without  deconipoei^D.     T^  k%)ier  maBbam  of  1 

are  solid  and  crystallw.    Tb^  aM  ham  wVk  a 

flame.     The  homobgii^  of  beosciie  masf  be  ic^fcM  ; 

it  by  the  substitution  of  one  €r  Bor  bfdrocazlHn  oifiaii  I 

atoms.     The  relali\'^  postioci  ci  MbitibMid  rirfliraii  ii 

compounds  are  often  indicated  bj  pkuiag  bdbrv  or 

the  Bgures  indicating  tbe  number  of  the  cajfaoa  ainn  < 

stitution  is  belie^'ed  to  hate  taken  place,  as  m  ^iene^  meat&mtd  bdewr, 

or  by  the  use  of  the  prefixes  ortlui,  mcCa,  aiid  pan«  ^  Oied  la  tbe  j 

dihydroxy 'benzenes  above* 

^ ^,^, _......,.--.|wili»t  8i«C,  (in-^'F^J- 

■■l^JuciiCf  ormctbrt-b^Eizcfie, Ql^C^ ........      **       ifi*C  iijiJ^rj. 

I      ICylme,  or  dinK^yf-foenMK.  C;ArCBA (i  ;  j>.- . . .  „      -      mo*  C  (3«#*  F^ 
^heuducumem-,    or    tnmeib^l-beneB^     CA(CH^. 

Ci  :2 14) **    ifi^c  aiojrr.)u 

Citroen,  ttofn^^^eozene,  t^H,  .  CH(CH^  ...-,...      *       15  f  C  (jo7-#*  F-)- 
Cyraene^    laetbyl-BOfxnjpyi    beoxese,    QfCCHgCH. 

(ClU»,.-,.». »»-».»...  — -...      **       iX^C  CHT^i'J 

The  b^Kzefie  series  of  b|drocarbDfis  mie  lemorkable  for  the  lafige 
il>er  tA  bcjUMfs  tbey  preseoC 

Beazenep  BmamL—CJ^    The  finl  fnember  of  this  series  of 

b  of  oofsJderabJe  importajice.    Tb^  cod^potixid^  QH«. 

Iwu^  not  be  cooloitiided  with  befizioe,  wbkb  is  a  nude  oame,  and  k 

to  designate  a  mi^uie  oE  h^xtrocarfaocis  bairing  a  famble  o>iEipo- 

^iitingi  and  boQIng  point,  and  genenJly  known  tinder  the  name  of 

aapbtha.     Bensene  was  fofmeriy  piepaied  by  dt^tQling  benzoic  acid 

with  lime,     Jt  is  mow  obtained  in  la^  quantities  by  the  distillation 

of  ^lal-tar  from  ^s-w^^ks. 
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In  the  primary  distillation  of  cod-lar  the  lighter  portion  > 
late  is  preserved.     It  U  first  washed  with  HjSO^,  and  then  with  a 
of  caustic  soda  and  redistilled*    That  pijrtion  which  goes  over 
80**  and  8s°  C,  {176°  and  185"=^  F.)  is  retained.     This  forms  t 
mercial  benzene,  which  is  a  mixture  of  benzene,  toluene,  and  c 
drocarbons*     Benzene  is  a  colorless,  limpid,  highly  refoctive  liqt 
an  aromatic  odor  and  pungent  taste.     Its  sp*  gr.  is  0,86.     It  cr 
at  5.4°  C\  (41.7°  F,)  and  boils  at  80,5^  C.  (176.9='  F.).     It  bu 
a  smoky  flame,  is  insoluble  in  w^ater,  but  soluble  in  eiher^  alcohol, 
and  naphtha.     It  dissolves  sulphur,  phosphorus,  iodine,  resi 
caoutchouc,  gutta-percha^  and  many  of  the  alkaloids,     Benzej 
with  chlorine,  iodine,  and  bromine  to  form  either  addition 
stitution  products,  according  to  the  conditions.     It  alsf>  comb: 
sulphuric  acid  to  form  sulphobenzcne  when  the  anhydrous  acic 
or  phenolsulphonic  acid  when  ordinary  H^SO^  is  used.     Will 
nitric  acid,  benzene  forms  a  yellow^  liquid,  nitrobenzene,  C 
If  benzene  is   boiled  w-ith  fuming   nitric  acid,  or  with  a  m 
nitric  and  sulphuric  acids,  dinttrobenzene,  CaHjCNOj)^,  is  I 

By  passing  the  vaix>r  of  benzene  through  a  red-hot  tube,  ! 
tially  decomposed,  with  the  separation  of  Hj  and  the  fori] 
diphenvL 

The  same  compound  is  formed  by  the  following  reaction 

aC,H,Br  +  Na,  -  C-H,— C.H^  4-  aNaBr.  | 

MoDobrombcaiseQie.  Ui  phenyl  |( 

Diphenyl  h  found  in  gas  tar  and  distils  at  alxiut  260**  C,  (500°  F.), 
Toluene,  QHjCH^,  15  a  colorless  liquid  resembling  benzene  in  its  pHj 

erties,  except  the  btjiling  point.     Xylene  or  xylol,  QH^(CI^)t  ( i  :  j)»  is  i 

colorless  liquid  resembling  benzene. 

Cymene,  C^oHi^  is  closely  related  to  the  tcrpenes,  C,<,Hy,^  and  the 

CioHiflO,  as  it  can  t>e  prepared  from  camphor  in  several  ways.     It  is  a  r 

of  a  number  of  the  volatile  oik,  aa  oil  of  caraway,  oil  of  thyme,  and  oil  of  i 

The  benzene  nucleus  is  sometimes  met  with  in  the  condense 
I.  f,,  two  or  more  of  the  nuclei  fuse  together,  with  two  C  abE 
mon  to  the  two  adjoining  groups. 

Two  benasene  molecules  thus  condensed  give  naphthalen 
H       H 
C       C 


L 


^V 


HC       C 


i 


\ 

CII 


C 

i 


CH 


BEXZEXE  €m 


4tt 


Tliree 
Hiimcene: 


p^m 


H        H        H 
C        C         C 

ecf^   c      c     CH 

I      f 

HC       C 

c      c 


y  sy 

c 

H 


000 


I 


H        ] 

W^liHialeiie,  C^,  m^lidMlMBm  (U,  S.  P ),  m 
ooal-tar  by  dIstOlatioa.  It  cooies  cntr  widi  h^vj  o^  bit«ciOi  iSoPC 
uid  2Jo^  C  (356''  F.  and  ^^S""  F.),  but  crfiti^as  fkon  tban  ia 
while,  gtbtgnm^  Inlf  cxjpsi^  ol  m  pecafiar,  awmalk  odor  and  bunK 
mg  taste;  t  mete  at  79,3*  C  (174-^*  F,),  is  faaakM^  m  nmtcr,  bat 
soluble  in  lioC  alcoliQi,  dlier,  or  beaseaeu 

Tlie  priiic%aj  interest  of  Dafilidialeae  to  die  plifadui  k  ils  ^ahK 
&»  an  antiseptic  dressii^  lor  wotinds.  Fco-  th^  poipotK  &  bh^  he 
Cboroiag^y  purified  bf  remrsta  iliia  lifm  htm^  aloohol^  or  dfetflktioii 
iritii  sleam.  It  is  mlio  tt^cd  a$  an  intesdual  antiseptic,  and  as  a  raotk* 
destroyer^  under  die  name  otf  coal-tar  cam^faor.  Napfadulme 
takes  lip  bjdrogcD  qnile  icadiif  to  form  the  d^vdiide,  C^Jl^j,  the 
tetrabTdndc,  CaJiA;  t^  heialii?dride,  C^IUi.;  and  the  €fecab|dride, 
Cja^^  Ilalsa  fefi]isadidiloriile,Cja,.C^aid 
CnHgO^.  This  last  compound^  "wheti  aiadlxcd  with  niiiic  add,  jields 
plithalic  add,  QH/COOH),  (1:2). 

Aii£liraceii€f  C^^H^  is  a  whiter  oystaHiiie  body  obtained  from 
coal-tar,  dbtiUing  above  560^  C,  (680^  F,)*  lis  constitution  is  diown 
by  the  graphic  fonmila  abcyve. 

The  thM  bterest  of  anlfaraceDc  is  that  it  senses  as  the  starting 

point  In  the  manufacture  of    aMzartn,    CVH<<^^>C,H^(OH)3,  or 

artificial  madder.  Its  soktioiis  possess  a  beautiful  blue  Jiluore^rcnce^ 
a  property  obssved  in  many  of  the  h^vicr  hydrocarbons  derived 
fiini  ooal-tar  aivi  petroletim — f\  r..  their  solutjoos  are  colorless  or 
ydlowish  by  transmitted  U^t,  but  when  %  iewed  by  rejected  light  ap{>car 
The  phenomenon  is  well  seen  in  solutions  of  quinine  sulphalc. 
By  osidaliofn  anthracene  jridds  anthraqmnone* 

DEWVATIVK  OF  BEITZEIfE* 
Hydfogen  Addition  Products. — Wlien  h}*dTogen  is  added  to  ben- 
bene  the  renting  csHnpound  bses  1^  aromatic  properties  and  behaves^ 
in  many  rdpects^  like  the  fatty  bydjocart^ons. 
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From  benzene  we  can  thus  have  dihydroben^ene,  tetrahjdro- 
l>eiizeiie,  and  hexahydrobenzene.    This  last  body  is  cailed  heia- 

C 

methylene,      \        \      —  QH^.   This  body  and  some  of  its  isomers  are 
H.C       CH, 

C 

H. 

found  in  Russian  petroleum.     They  are  tailed  colleciively  naphtheQes. 

Kexamethyleiie-tetramiii,  formin,  urotropine,  (CHj)^,N(,  is 
formed  by  adding  NH^OH  to  formalin  solution.  6CH3O  4-  4NH^OH  - 
C(,H^(NHi)|  +  6H2O.  It  is  a  while,  cr>'stalline  powder  readily  soluble 
in  water,  but  insoluble  in  alcohoL  It  is  used  internally  as  a  solvent 
for  uric  acid  and  as  a  urinary  disinfectant  in  cystitis,  nephritis,  pyelitis, 
etc.  Il  is  excreted  in  the  urine  and  Is  there  partly  broken  up  into 
formaldehyde. 

Halogen  Substitution  and  Addition  Products.— The  action 
of  the  halogens  on  benzene  may  produce  addition  or  substitution 
products,  depending  on  the  conditions  of  the  experiment,  as  sunlight, 
temperature,  etc.  At  ordinary  temperatures  a  few  of  these  are  liquid, 
but  the  most  of  them  are  crystalline  solids.  They  are  generally  in- 
soluble in  water,  but  soluble  in  alcohol  and  ether.  None  of  these 
compounds  have  found  use  in  medicine. 

PHENOLS. 

Hydroiyl  Derivatives  of  the  Aromatic  or  Benzene  Hydro- 
carbons. ^By  the  substitution  of  hydroxyl  for  H,  in  benzene,  we  have 
what  is  termed  a  phenol.  By  the  substitution  of  two  hydroxy  Is  for 
two  atoms  of  H  in  benzene,  we  have  the  diatomic  phenols.  By 
the  substitution  of  three  hydroxy  Is,  we  have  the  triatotnic  phenols. 
It  will  be  seen  that  in  the  higher  homologues  of  benzene — in  toluene, 
for  example,  C^H^CH^,  where  there  is  a  side-chain — it  is  possibie  to 
substitute  the  hydroxyl  for  one  of  the  H  atoms  of  the  benzene  nucleus, 
or  for  one  on  the  side-chain.  In  the  first  instance  we  have  a  phenol; 
in  the  second  we  have  an  alcohol.  That  is,  the  first  can  not  be  oxi* 
dized  to  produce  an  acid,  because  the  carboxyl  group  COOH  can  not 
be  produced.  In  the  second  we  can  form  COOH  by  oxidation,  and 
it  is  therefore  a  true  alcohoL  The  phenols,  therefore,  are  isomeric 
with,  but  have  different  properties  from  the  alcohols.  The  phenols 
differ  from  the  alcohols,  in  not  furnishing  corresponding  aldehydes 
and  acids  on  oxidation;    in  not  producing  water  and  hydrocarbons 
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under  the  InHuetice  of  dehydrating  agents,  as  all  alcohols  should;  and 
in  not  reacting  with  acids  to  form  esters.  The  phenols  form  more 
stable  compounds  with  metallic  elements  than  the  true  alcohols.  The 
phenob  exhibit  at: id  properties,  while  the  alcohols  do  not. 

The  folio  wing  graphic  formulae  will  assisi  the  student  in  compre- 
hending the  different  derivatives  of  ben^ne  and  toluene: 


0    0 


cnjoi 

0 


OH  OH 


OH  CHjOH                      OH 

0  0    0" 

Pbcnal«  Bcftxyl  «^lc«faat  Di*ioinJc  Phenol, 

COH  CO.QH                     OH 


J}    0 


Bcftxyl  «^lc«faiit  Dia-ioraijc  Phenol,  Orthon%s>l. 

CO.QH  OH  NH, 

ro.OH 


Brn^r  Xdd*  SaGcf lie  Acid* 


Q 


OH 


^M  Tchtukfiri,  or  ToJuyl^niin, 

H       Phenol  (U.  S.  P.),  ptieiiic  acid,  carbolic  acid,  acidtim  carboli* 

dim  (Br.),     II        i      ^1*      !1 1  '^  ^^^  ^^*^   *^  *^^  products  of 
c 

H 

the  destructive  distillation  of  coal  and  wood,  and  is  found  in  small 
quantities  in  human  urine  and  in  castoreum.  In  the  arts  it  is  prepared 
from  that  portion  of  coal-tar  disliUing  between  150^  C.  (302'*  F,)  and 
190°  C,  (374*^  F.).  This  is  ai^itated  with  a  concentrated  ^ution  of 
caustic  soda,  when  a  crystalline  carbolate  of  sodium  is  formed,  while 
the  ncotral  oils  arc  left  unacted  upon.  After  the  latter  have  been 
£^>arated,  the  carbolate  h  decomposed  by  hydrochloric  acid,  and  the 


^  ji^^i^..  ^  Ih    Xj^  ^  \^^^  tJnJiA 
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impure  carbolic  acid  thus  obtained  again  trealc<l  with  sodium  hydmx- 

ide.  On  exposing  this  solution  to  the  air,  the  greater  portion  of  the 
impuriliei  becomeJ5  oxidized,  and  separates  as  a  tarry  mass.  This  mass 
is  roasted,  the  carbolale  dissolved  out,  and  the  clear  solution  of  sodium 
phenol  (or  carb^late)  is  again  decomposed  by  hydrochloric  acid,  and 
the  resulting  phenol  separated  and  submitted  to  disltllalion-  From 
the  [jortion  passing  over  below  190^  C.  {374^  F.)  phenol  separates 
out  as  colorless  needles  on  cooling,  which  melt  at  42°  C.  (loS^  F.) 
and  boil  at  184^  C\  (364^  F.),  The  purest  product  of  the  market  is 
a  synthetic  carbolic  acid,  prepared  from  benzene. 

Pure  phenol  is  a  crystalline  solid,  having  a  characteristic  odor  and 
pungent,  amstic  taste,  producing  a  white  eschar  with  animal  tissues. 
The  crystals  are  liquefied  by  the  addition  of  about  S  per  cent,  of  water. 
This  liquid  is  made  turbid  by  the  addition  of  more  water.  It  is  m\u- 
ble  In  20  parts  of  water  at  the  ordinary  temperature,  but  h  miscible  in 
all  proportions  in  boiling  water.  The  addition  of  glycerin  increases 
its  solubility.  It  is  readily  soluble  in  alcohol,  ether»  benzene^  carboa 
disulphide,  glycerin,  and  fixed  and  volatile  oUs,  Carbolic  acid  coag- 
ulates albumin,  and  its  aqut^us  solution  gives  a  permanent  violet-hbe 
color  with  ferric  chloride,  while  the  color  produced  by  creosote  is  first 
greeti  and  then  brown.  It  forms  with  bromine- w^ater  a  white  precipi- 
tate of  lribrom|>hcnoL  WTien  quite  pure,  carbolic  acid  is  permanent 
in  the  air;  l>ut  the  commercial  acid  frequently  changes  to  a  pink  or 
red  color.  Ammonia  and  chlorinated  soda  solution  produce  a  blue 
color  with  carbolic  acid.  Carbolic  acid  is  very  much  used  as  an  anli* 
septic  in  medicine,  and  in  the  arts.  Some  of  the  carbolates  have  also 
been  used  for  the  same  puqioses. 

Phenol  liquefacttim  (U.  S.  P.)  is  a  liquid  containing  not  less 
than  86. 4  per  cent,  of  phenol,  by  weight,  and  13,6  per  cent,  of  water- 
It  is  made  by  adding  one  i>arl  of  water  to  nine  parts  of  the  cmtallific 
phenol. 

Toxicology* ^Carbolic  acid  is  very  poisonous  when  taken  into  the 
body,  and  cases  of  fatal  poisoning  by  it  are  not  uncommon.  Danger- 
ous symptoms  have  been  produced  by  six  or  seven  drops,  and 
fatal  poisoning  has  occurred  from  its  use  as  a  surgical  dressing.  The 
urine  is  dark-colored  and  smoky  in  such  cases,  and  its  appearance 
should  be  watched  w^hile  using  the  acid,  either  internally  or  locally- 
The  best  antidote  to  administer  in  cases  of  poisoning  is  alcohol, 
50  ptr  cent.,  followed  by  evacuation  of  the  stomach.  This  may  b*^ 
followed  by  alcoholic  stimulants  and  mucilaginous  drinks-  The  stomadi 
lube  may  also  be  used  to  empty  the  stomach,  unless  the  fauces  show 
that  the  acid  was  taken  \n  the  pure  or  nearly  pure  state.  It  may  thai 
be  unwise  to  use  the  tube. 


I 
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PhtOAttA  or  CarboLates.--When  phcnor  k  heated  with  KOH  or  NaOH,  the 
folkiwiog  rcacdoii  t^ke^  place: 
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ben  phenol  1^  heated  with 
C.H^OH  +  KOH  ^  CH^OK  +  H,0. 

rhenoL  FotAUUEQ 

Ph^id  berc  behaves  like  &a  add,  and  thus  gives  rise  to  the  name  phenic  acid  or 
caibotK:  acid.  Certain  olJbcr  mctaJs  and  the  alkaloids  may  be  cmpbved  10  replace 
the  hydro3cyl  H  of  phcool,  to  give  phenates.  Meixuric  phcnate,  quimne  phcnate, 
axid  evun  other  i^hs  of  this  class  have  bci?n  employed  m  medicioe. 

Cblonitienols  and  Bromphenols.— Ulien  chlorine  U  passed  into  phenol. 
CTlbo-  and  para-chlorphenols  are  formed.  The  comesponding  Br  and  1  substitu- 
Uoit  products  are  obtained  by  the  action  of  these  elements  on  phenol 

JfoQOChJoiphenol,  QH^CiOH.  has  been  employed  as  a  remedy  for  inhalations 
in  phthisic  and  uthcr  iung  troubles.  It  b  a  volatile  hquid,  having  an  odor  somewhat 
tvscmbiing  phenol 

Biomolf  or  trihroinphetiolp  QHjBrjOH,  is  prepaml  by  the  action  of  Br  upon 
an  aqueous  solution  of  phenol  Ii  occurs  as  a  white,  crj'^t^hne  powder  of  an 
I  aatfirjg^nt,  sweetis.h  tasle,  and  an  odor  resembling  that  of  bromine.  1 1  melts  ai 
j  95**  C  (30 J**  F)*  It  h  insoluble  in  water,  but  soluble  in  alcohol,  ether,  chbrofonn, 
I  ^Qpoeitil,  and  the  fetty  and  ethereal  oik.  It  has  been  recommend«i  as  a  local 
'       Miedy  in  diphtheria  and  as  an  Intestinal  antiseptic. 

Xerofoim  is  a  compound  of  tnbromphenot  with  bismuth.  It  is  a  yellowj  in^ 
soluble  powdtT  U5cd  as  a  substitute  for  iodoform. 

I  Trinitrapheti0l»  picric  acid^  caibazatic   acid,  CsH5(NOj),0H 

{2:4:  6).— The  phenols  are  acted  upon  by  ijitrong  nitric  acid,  forming 
mononitro-,  dinitro-,  and  trinitro-phenols.  The  first  two  of  these  are 
of  Htile  importince  to  the  physician,  but  the  ihtid  is  eiiiployed  in  the 

karts  as  a  yellow  dye  for  silk  and  wool,  and  is  frequently  employed  as 
k  test  for  albumin  in  urme,  and  as  a  precipitant  of  the  alkaloids.    Two 
liinitro-phenols  are  known,  in  one  of  which  the  NO,  groups  are  attached 
Id  carbon  atoms  i ,  2,  and  4,  and  in  the  other  attached  to  2,  4,  and  6, 
The  latter  compound  is  ordinar>'  picric  acid.     It  is  prepared  by  the 
action  of  strong  nitric  acid  upon  phenol,  salicin,  indigo,  silk,  wool, 
and  many  other  organic  substances  containing  the  benzene  nucleus. 
It  occurs  in  yellow,  crj^stailine  plates.     It  is  nearly  odorless,  and  has 
ati  intensely  bitter  tasle  and  an  acid  reaction.     It  is  sparingly  soluble 
^itl  water,  very  soluble  in  alcohol,  ether,  and  benzene.     When  quickly 
H|ieated^  it  detonates.     It  forms  salts  with  the  metals,  which  are  ex- 
^B(osive.     Wlien  taken   internally  In  considerable  doses   it  acts  as  a 
^fpoUon. 

TmiMM^t.  Its  tiste  is  ao  bitter  that  this,  toother  with  Its  bright  lemon-yeJlow 
cokir,  ietves  aa  a  delicate  tc^l, 

7,  Its  solutions  give  a  grrcn,  cjy^taUine  precipitate  with  an  ammonlacal  solution 
ol  CuSO„ 

3.  GmcoM'  healed  with  an  alkaline  srjlution  of  the  acid  gives  a  n^dish-brown 
coloretJ  sotutir>n, 

4^  U  givta  aa  inlenic  red  color  when  wftms«d  with  an  alkaline  solution  of  KCM, 
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900  parts  of  boiling  water  fc3r  solution.  Alcohol  dissolves  its 
weight  of  thymol,  and  the  greater  part  separates  again  on  dilution 
with  water.  A  solution  of  four  grains  of  thymol  to  a  fluidounce  of 
alcohol  is  miscible  with  water  in  all  proportions.  It  is  sparingly  sfjl- 
uble  in  glycerol,  requiring  120  parts  for  solution*  It  is  readily  sol- 
uble in  ether,  chloroform,  petroleum  spirit,  and  oils.  Wlicn  triturated 
with  camphor,  a  s}Tupy  liquid  is  obtained,  which  is  r^dily  miscible 
with  vaseline  or  simiJar  preparations.  Thymol  is  soluble  in  strong 
acetic  acid. 


Cairacroi,   or  propyl-orthocresol, 


(CH, 

(oh 


exists  in  the^ 


1 


essential  oil  of  origanum.  It  is  an  isi>mer  of  thymol.  It  is  a  thkkp 
oily  liquid,  which  does  not  solidify  even  at  — 2$°  C.  ( — i^^  F.).  It 
boils  at  233°  C.  (4514*^  F,),  It  is  verj^  soluble  in  chloroform,  ether, 
and  olive  oil,  but  insoluble  in  water.  Its  iodide  b  a  yellow-brown 
powder,  sometimes  employed  in  medicine.  It  is  obtained  by  the 
action  of  itxiiae  upon  camphor.  It  is  employed  externally  as  a  sub- 
stitute for  iodoform* 

COCH, 
Eugeool,  or  eugenic  acid^  QIIs  ]  CaH^,  is  a  body  closely  re-  < 

(oh 

sembling  carvacrol,  obtained  from  the  oil  of  cloves,  cinnamon,  bay, 
pimento,  or  sassafras,  by  oxidation,  Eugenol  occurs  as  an  aromatic 
liquid,  boiling  at  235'^  C  (455*^  FJ,  slightly  soluble  in  water,  freely 
so  in  alcohol.  It  is  employed  as  an  antiseptic,  and  is  consida^ 
superior  to  phenol.  It  has  also  been  used  internally  as  a  febrifuge 
Several  compounds  of  eugenol  have  also  been  employed,  bcnioyl- 
eugenol,  cinnamyl-eugenol,  iodo-eugenol,  and  etigeool-acet- 
amid  l^eing  the  principal  ones. 

Di-iodo-thymol,     arlstol,     thymolis     iodidum    (U.     S.   P.)r 

CHl'  I  CaHjIO— lOCjHj  |  ^^^^  formed  by  the  action  of  a   solutioD 

of  I  in  KI  upon  an  alkaline  solution  of  thymol,  is  used  as  a  substitute      ii 
for  iodoform.     It  occurs  as  a  reddish-brown,  odorless  powder,  which  is  ^M 
decomposed  under  the  action  of  heat  and  light,  with  evolution  of  iodine.  ^" 
It  is  insoluble  in  water  and  glycerin,  slightly  soluble  in  alcohol,  and 
readily  so  in  ether  and  collodion.     It  mixes  readily  with  the  oils  or 
with  vaseline  when  rubbed  with  them-     When  heated  in  a  glass  tube, 
iodine  vapors  are  given  off. 

Kaphthophenols,  or  Naphthols*— CjoHjOH,  There  are  two  com- 
pounds of  this  formula,  one  known  as  alpha-  and  the  other  as  bctE- 
naphthol.    The  graphic  formulae  are: 
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The  one  generally  used  m  ^ur^jerj  h  betar-naphflioL  Alplim- 
naphtlio!  crystallizes  in  colorle^  sliiiiu^  prtiin%  hismg  at  94"^  C. 
(aoi.2^  h\)  and  boiling  at  aSo^  C  (536**  F-).  It  b  fnsoinlilc  in  water, 
but  soluble  in  alcohol,  ether,  and  benzene.  Bcta-oipliUiol  h  prepared 
on  a  large  scale  by  fusing  oaphtlialeiie-sidptioiidte  of  sodaim,  C^Mr 
SOjNa^  with  sodium  hydroiide.  Beta-napbtbol  h  a  sofid,  orstal- 
Uzing  in  brilliant  while  plates^  mdting  at  122**  C.  (251.6^  F.)  and 
distilling  at  286^  C.  (S46-S*  F-),  and  possess^  a  ^.  gr.  of  1.217.  I* 
b  very  slightly  soluble  la  wann  water,  vety  soluble  eq  eilier,  ajcohol, 
chlorofofm,  benzene,  olive  oD,  and  %'aselioe,  Beta-naphihol  has  been 
used  as  a  locaj  antiseptic.  Alpha-aaplitliol  forms  a  dinitro-  deriv- 
ative,  Ci(,H5(NOj)20H,  which  h  Uicd  in  dyeing.  The  sodium  and 
calcium  salts  of  this  cumpoand  are  used,  amf  are  kDOwn  as  Martin's 

low  or  naphthalene  yellow.  These  have  recently  been  lai^gely  re- 
placed by  the  potassium  sutpbonate  known  as  naphthol  jf^ow,  Cj^^H^- 

Hydronaplitbol^  occasionally  employed  as  a  surgical  df^singp  h 
a  dihvdroDaphthalenc: 

OH 


^_calc 
»eU< 
^plac 


CO" 


DIATOMIC  PHENOLS. 

These  compounds  are  derived  from  beruene  and  its  homologues  by 
replacing  two  atoms  of  hydrogen  by  hydrox%'L  They  may  be  pre- 
pared by  fusing  phenolsulphonic  acid  with  KOH, 

C,H^OH^O,  +  KOH  -  HKSO.  +  C,H/OHV 

There  are  three  such  compounds  possible,  all  of  which  are  well 
known.  Their  graphic  formula?^  as  well  as  the  cause  of  the  isomensm, 
aie  shown  by  the  foUowLng: 
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QHfOH),( 

Hydroquiiu 
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It  will  be  obsen'ed  that  In  ihc  first  formula  the  bydroxyb  occupy  posilii 
Adjoining  carbtm  atoms,  or  on  i  and  j*  In  the  second  the  [x/si lions  arc  1 1 
in  the  third  thty  are  i  and  4*  These  tlvce  Includf?  all  Ihc  possible  rektivi 
of  two  hydrosyl  groups  in  this  molecule*  The  properties  cbxngc  with  tJ 
positiotis  of  the  two  hydroxyl  groups* 

Ortho-dihydroxy-beazene,  or  pyrocatechinol^  QH|  | 

is  an  isomer ide  of  hydroquinon  and  resorcin  that  has  found 
remedial  agcnL     It  forms  flat  crystals  or  plates,  readily  soluble^ 
alcohol,  and  ether*      It  k  preparetJ  by  distilling  extract  oli 
kino,  and  other  extracts  containing  tannin.     It   is  found 
pyroligneous  acid  distilled  from  wood.     It  has  weak  acid  pi 

Solutions  of  pyrocatechin  reduce  silver  salts  in  the  cold,  i 
ling^s  solution  on  warming*  If  made  alkaline,  they  absorl 
from  the  air  and  turn  green. 

Meta-dihydroxy-benzene,     resorciti,     resorcinol    (U 

QH^  j  ^t^  f  y^^  isomeride  of  hydroquinon,  has  come  intopn 

in  the  treatment  of  certain  maladies.  It  forms  colorless  crystal* 
at  about  100^  C.  (212°  F.),  and  lx>iling  at  276*^  C.  (528,8''  F 
very  soluble  in  water,  alcohols  and  ether,  and  possesses  a 
harsh  taste.  It  is  prepared  by  fusing  certain  giim -resins  (gi 
extract  of  sapin-w^ood  with  cau!>tic  potash,  or,  by  distillinj 
wood*  It  is  a  strong  antifermenlative*  It  is  now  prepared^ 
cally  from  benzene,  but  the  process  is  complicated. 

The  physiological  action  of  resorcin  is  similar  to  thai  o 
but  it  is  not  poisonous.  It  is  given  internally  as  an  antise 
antipyTetic,  in  doses  of  2  grains,  and  in  some  cases  as  high  as 

A  solution  of  5  parts  of  rcsordndand  3  parts  of  white  sugar  in  100  parts 
forma  a  very  delicate  test  for  free  HCl,  when  wanned  in  a  dish  with  the 
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Guaiaeolis  carbonas  (U.  S,  P.),  (QH^O^jCO,,  is  prepaid  b) 
the  uction  of  orUmyl  chloride  on  a  solutkin  of  guaiacol  sodium- 


Gftobctil  Soclmm* 


Giiak«ol  Ciuixiiulf- 


The  separating  crystals  are  collected  and  reciystallized  from  dcobol 
It  is  a  white,  crystalline  powder,  nearly  free  from  odor  and  tasle^  iiL^- 
yble  in  water,  and  sparingly  soluble  in  alcohol,  glycerin,  and  oils.  It 
is  decomposed  by  alkalies,  into  carbonic  acid  and  guaiacol.    It  is 

used  for  the  same  diseases  as  guaiacol  and  creosote* 

Benzoyl  guaiacol^  benzosol^  CflH^  |  Qpof*  H  '  ^  ^  cn-statliue 

compound  of  guaiacol  in  which  the  H  of  the  Oil  group  has  been 
replaced  by  benzoyl.  It  is  prepared  by  first  forming  the  potassiiun 
salt  of  guaiacol,  and  warming  this  with  benzoyl  chloride,  or,  by  tht 
reaction  between  guaiacol  and  benzoic  anhydride*  *  Benzosoi  h  a 
colorless,  tasteless,  nearly  odorless  cry^stalline  powden  It  is  insoliibk 
in  water,  soluble  in  hot  alcohol^  in  ether  and  chloroform.  It  cm- 
tains  54  per  cent,  of  guaiacol.      It  should  not  melt  below  44°  C* 

(III.2<»F.). 

Benzosol  is  used  for  the  same  purposes  as  guaiacol,  and  it  is  d^ 
composed  by  the  alkalies  in  the  same  manner  as  saloL  It  is  py^ 
internally  in  doses  of  4  to   12  grains. 

,  Guaiacol  and  its  derivatives  are  not  easily  oxidized  in  the  body^ 
and  are  usually  partially  excreted  m  the  urine^  and  may  be  detectetl 
in  that  fluid  one-half  hour  after  taking  a  single  dose,  it  may  be  ^ 
tec  ted  by  distilling  the  ^irine  with  dilute  H3SO4,  and  adding  a  drop 
or  two  of  ferric  chloride  solution  to  the  distillate,  when>  if  guaiicot 
be  present,  it  will  give  a  reddish -brown  color. 


TRIATOMIC  PHENOLS. 

There  are  three  isomeric  trihydTOxy-benzenes;  phloroglucin,  pyro* 
gallol,  and  oxyhydroquinon. 

Phloroglucinolp  phloroglucol,  C5Ha(0Pl),  (i  :  3  :  5),  is  obtainetl 
by  the  fusion  of  KOH  or  NaOH  with  various  r^ins  or  resorciRt  "^ 
by  the  action  of  alkalies  upon  phlorelin.  It  occurs  as  large  prisiasr 
which  dissolve  in  water,  alcohol,  and  ether,  and  possesses  a  very  sweel 
taste*  Its  solutions  give  a  dark  violet  color  with  FejCl^,  A  solulfca 
of  2  parts  of  phtoroglucinol  and  i  part  of  vanillin  in  30  of  absolute 
alcohol  Ls  used  as  a  very  delicate  test  for  free  HCf  in  gastric  juice.  It  will 
detect  I  part  of  HCl  in  20,000  parts  of  water  (Giinzburg), 


TftlATOKlC  PHENOLS, 


4n 


fO-H(i) 
Pyrogallol  (U,  S.   P.),  or  PyrogaOic  Acid  — C>HJ  OH  (2). 

(0-H{3) 

This  IS  a  trihydroievbenzene,  and  is  prepared  by  heating  gaUic 
add,  CJl^{OH)JCO^k,  to  300°  C,  (573°  F,).  It  crystaUizes  in  white, 
shining  needles,  and  gives  a  dark-blue  color  with  ferrous,  and  red 
with  feiric  salts.  An  alkaJine  solution,  when  exposed  to  the  air,  rapidly 
absorbs  oxygen  and  assumes  a  dark  color.  Silver  and  gold  salts  are 
reduced,  in  the  light,  to  the  metallic  state  by  it;  hence  it  is  used  as  a  de- 
veloper in  photography.  It  has  been  used  in  the  treatment  of  skin 
diseases. 

■       Hydroiyliydroquinoii,  CaHj(OH)a  (i :  2:4),  is  unimportant. 
There  are  no  tetratomic  phenols  used  in  medicine.     Pentatomic  and 
hexatomic  phenob  have  been  prepared. 

Beech-wood  creosote,  creosotum  (IT.  S.  P.,  Br.),  is  a  mixture 
of  phenols  consisting  chiefly  of  guaiacol  and  cresols  obtained  during  the 
distillation  of  wood-larj  preferably  that  from  the  beech- wood.  It  con- 
tains, in  addition  to  the  above,  a  small  quantity  of  phloroL  It  is  an 
aknost  colorless,  yellowish  or  pinkish,  highly  refractive,  oily  liquid,  hav- 
ing a  penetrating,  smoky  odor,  and  a  burning,  caustic  taste.  Its  sp.  gr. 
is  about  1.072  or  higher.     It  is  soluble  in  about  150  parts  of  w^ater^  but 

■it  does  not  form  a  perfecdy  clear  solution.  It  is  soluble  in  aU  proportions 
|n  akuhol,  ether,  chloroform,  benzene,  carbon  disulphide,  glacial  acetic 
addp  fixed  and  volatile  oils.  It  begins  to  boil  at  about  205^  C.  (401^ 
F.),  and  most  of  it  distils  between  205^  and  215*^  C,  (401^  and  419° 
F.)-  Wlien  cooled  to  — 20°  C,  ( — 4"^  F-)  it  does  not  solidify  like  car- 
bolic acid,  but  Ijecomes  gelatinous.  It  is  inflammable.  Its  solution 
gives  a  reddish-brown  precipitate  with  bromine  water,  which  distin- 
guish^ it  from  phenol. 
^B  Creosote  is  employed  in  medicine,  both  internally  and  ejctemally 
^^and  by  inhalations*    It  is  also  employed  as  an  antiseptic* 

To  distinguish  creosote  from  phenol,  which  is  often  substituted  for 
creosote,  the  following  tests  may  be  applied.  Phenol  gives  with  Fe^CI, 
a  purple-colored  solution,  w^hile  creosote  gives  a  violet,  which  rapidly 
changes  to  green  and  finally  to  brow^n,  with  the  formation  of  a  brown 
precipitate.  Phenol  is  soluble  in  glycerin,  while  creosote  is  not.  Phenol 
H precipitate  collodion  from  its  solution,  while  creosote  does  not* 
V  Creosote  carbonate  is  a  mixture  of  guaiacol  carbonate  with  a  trace 
of  cresnl*  It  is  prepared  by  saturating  parliany  purified  guaiacol  with 
aodium  hydroxide,  and  treating  this  compound  with  carbonyl  chloride, 
COClj*  It  is  an  amber-wlorad  fluid,  honey^like  in  consistency,  with 
a  faint  odor  and  taste  of  creosote.  It  is  used  in  medicine  under  the 
name  of  creosotal  as  a  substitute  for  creosote,  it  l>eing  free  from  its 
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disagreeable  taste.  The  oleate,  valerate,  palmitate,  phosphal 
have  alsu  i>eeo  prepared  for  mieraal  use. 

Aromatic  Alcohols, 
The  aromatic  alcohols  differ  from  the  phenols  in  const! 
They  all  contain  the  grou]i  of  atoms  CHjOH,  and  by  the  oi 
of  this  group  it  becomes  COH,  dien  CO  OH,  with  the  formalio 
aldehyde  and  an  acid,  thus: 

aC^prHjOn  +  O,  ^  ^QHtCOH  +  Oj  -  2QHftCDOn  +  2iyc 

Bmcrfk  Alojhol.  IWawik  AliWhjrtk^  BeiuiDk  Add. 

Beozylic  alcohol  Is  formed  by  distilling  benzoic  aldchj 

Koa 

aCtHiCHO  f  KOH  -  C»H^CH,OH  +  QHXOOE* 

Its  benzoic  and  cinnamic  esters  are  found  in  balsams  of  Pc^ 
tola.  It  is  a  colorless  liquid,  sparingly  soluble  in  water,  and  tt 
206^  C.  (403^  F.},  '  J 

Salicylic  alcohol^  saligenin,  QH^  \  ^„  ^u^  is  one  of  tl 

(  LiijUn  I 

stituents  of  the  natural  glucoside,  salicin.    It  may  be  separated 

sallcin  by  decomposition  with  dilute  mineral  acids,  but  it  is  more 

prepared  by  the  action  of  formaldehyde  upon  phenol        ^^ 

CH.OH  +  HCHO  =  QH,  {  g^^^jj  H 

It  has  been  recommended  as  a  substitute  for  salic\4ic  acid, 
Saligenin  crystallizes  in  colorless  leaflets,  having  a  slightly 

taste.     It  is  fairly  soluble  in  cold  and  easily  soluble  in  hot  wat< 

in  alcohoL 

Cinnamyl-alcohol,  styroiie,   CJi^^CHCHCHjOH,  occurs 

cinnamtc  ester,  known  as  styracin,  in  storax  (Styrax  officinal 

It  forms  shining,  needle-like  crystals,  having  a  hyacinth-like 
and  ts^sparingly  soluble  in  water.  On  oxidation  it  gives  at  fin 
naraic  acid,  Ce'HftCHCHCOOH,  and  then  benzoic  acid,  C»HjC< 

Aromatic  Aldeetybes. 
Benzaldehyde,  benzaldehydum  (U.  S.  P,),  oleum  amy| 

amarae  (Br.),  QH^CHO,  is  a  constituent  of  bitter  almond  oil 
is  a  pnxluct  of  the  decomposition  of  amygdaUn,  by  the  acti> 
emulsin,  along  with  hydrocyanic  acid,  glucose,  and  benzoic  acii 
is  now  prepared  from  toluene,  by  treatment  with    chlorine,  foi 
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henmyl   dicUoride,  QH^CHCItj  and   heating  this  with   lime,  under 

It  is  prepared  from  the  oil,  by  forming  a  crystalline  solid  with  sodium 
bisulphite,  separating  the  crystals,  and^  after  dissolving  ihem  in  water, 
decomposing  with  a  strong  solution  of  Na^CO^.  It  is  a  colorless,  oilv 
liquid  with  the  odor  and  taste  of  bitter  almonds.  Specific  gravity, 
tj04Sl  boiling  point,  179*  C,  (5542°  F-)-  Oxidizing  agents  give 
benzoic  acid,  and  nascent  hydrogen  gives  bcnzylic  alcohol  WTien 
pure  it  is  not  poi^nous,  but  the  cooimercial  article  is  seldom  free 
from  hydrocyanic  acid. 

Salicylic    aldehyde,  Ealicylal»   C^U^  |  S^J^f  or    oil    of    spir^ 

{meadow -sweet),  is  obtained  by  oxidizing  salicm  with  KjCfjO,  and 
HjSO^  and  distilling  off  the  aJdch\'de-  It  may  be  prepared  s*yntheti- 
cally  by  the  action  of  cMoroform  and  KOH  on  pheiioL  Salicylic 
aldehyde  is  a  colorless,  fragrant  liquid,  sp,  gr.  i.iy^  and  boiling  at 
196*^  C.  (384.8°  F.).  It  is  sparingly  soluble  in  water,  but  freely  in 
alcohol.     It  gives  an  intense  \iolet  color  with  Fe^Cl^,, 

Ciimamic  aldehyde,  cinnaldehydum  (I.S,P ),  CjHa-CHiCH.- 
CHO,  i^  the  chief  constituent  of  the  oils  of  cinnamon  and  ca&sia.  It 
may  be  isolated  by  means  of  its  compound  with  sodium  bisulphite. 
It  has  been  prepared  synthetically.  It  is  a  cobrle^,  aromatic  oil^ 
boiling  at  24 7 ^^  C  (476.6°  F.)  and  o.\idizing  to  cinnamic  acid 
(CJHjCH  =  CHCOOH)  on  eatposure  to  the  air. 

Cummic  aldehyde,  C,^j,COH,  occurs  in  the  aromatic  oils  of 
cummin^  caraway^  11  nd  water -hemlock. 

Anisic  aldehyde,  QH^OCH^COH,  is  obtained  as  a  fragnmt  oil, 
by  oxidizing  the  ^lil  of  fennel  and  the  oil  of  anise  with  HNOjj. 

Vanillic  aldehyde,  or  TanUlin,  vanillin um  (U.  S.  P.),  CJi^ .  OH  ,- 
OCH, ,  CHO,  is  extracted  from  the  pods  of  the  vanilla  bean — Vaniiia 
flunijoiia.  It  is  now  made  synthetically  from  cuniferin^  a  glucoside 
found  in  the  bark  of  trees  of  the  cani/cra  family.  It  is  .a  ^e,  white, 
crystalline  powder  having  the  taste  and  odor  of  vanilla. 


H  Aromatic  Ketokes. 

The  ketones,  corresponding  to  the  secondarj'^  aromatic  alcohols,  may 
be  formed  by  the  same  process  and  have  the  same  class  properties  as 
those  of  the  methane  series. 

Phenyl- methyl-ketone,  acetophenon,  hypnonc,  C^HsCO ,  CH,.  is 
prepared  by  distilling  a  mixture  of  molecular  proportions  of  calcium 
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acetate  aed  c^cium  benzoate:  Ca(C^COO),  +  Ca(CtH,Oj)j - 
tCaCO,  +  aC^COCH^.  It  is  a  colorless,  oily  liquid,  with  a  ^ 
osllar  odor  and  pung^t  taste.  It  cr>stallizes  at  14^  C,  (57.2*^  F.), 
'ftnd  mdis  again  at  ao.5^  C.  (69°  F.),  It  is  slightly  soluble  in  m^^ 
but  readily  mkctble  with  alcohol.  It  has  been  used  as  a  hypnotic 
Dose,  I  to  3  minims. 

Gallacetophenon,  C^H^O .  C^H3(0H)»  is  a   derivative  of  pjTo- 
g;i]kil,  cuntainiiig  the  radical  of  acetic  acid.     It  is  prepared  by  tlie  _ 
action  of  p>Togailol  upon  glacial  acetic  acid  in  the  presence  of  zinefl 
chloride.     It  is  a  pale-yellow%  crj^stalline  pcjwder,  readily  soluble  ia 
hot  water  and  in  alcohol  and  elhen     It  is  soluble  in  glycerin^  but 
sparingly  soluble  in  cold  water. 

It  has  been  used  as  an  external  remedy  in  psoriasis, 
PheDyl-ethyl-ketone,  C,HsCOC\H,,  phenyl-propyl-ketoDe,gat^ 
CO-C,Hj,  and  diphenyl-ketoaej  ben^ophenon,  QP^-CQ-C,!^  aif' 
also  known* 

QisJuoiies  are  a  class  of  bodies  derived  from  aromatic  hydrocarbaoi 
by  subsiituiion  of  O/'  for  H/'.  They  are  therefore  oxidation  producll 
of  the  h)drocarl>iins. 

Benzoqtiinonep  or  qninone,  CJtl^=0^  may  be  most  easily  o^h 
tained  by  the  oxidation  of  anilin  with  a  mixture  of  sulphuric  acid  ami 
potassium  dichromate.  The  reaction  takes  place  in  two  stages*  m 
foUows: 

a.  jt^HjNH* ,  OH  +  O,  -  2C.H4O,  +  aNH^ 

It  may  also  be  prepared  by  oxidising  benzene  and  many  benzcac 
derivatives  with  potassium  dichromate  and  sulphuric  acid.  Reducing 
agents,  such  as  SO3,  convert  quinone  into  hydrochinone,  already  des- 
cribed. From  the  ^tse  with  which  quinone  may  be  formed  by 
oxidation  of  several  parabenzene  derivatives,  and  other  reactions, 
is  believed  to  be  a  true  di-ketone  with  the  two  oxygen  atoms  m  ^ 
parapositioDS. 

CO 

/x 

HC      CH 

|{        (I 

HC       CH 

\/ 

CO 

Naphthoquinones,— There  are  two  naphthoqu  inones— alpha-nipi** 
thoquinone,  Ci„Hfl=Oj(i  :4)i  and  beta-naphthoqumone,  C,olIg^<\ 
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S«]^    The  first  is  therefore  a  paraquinone  and  the  second  an  ortho- 

Aiitiiraquinone|C^H<<^^>C^H^,  is  prepared  by  dissolving  anthra- 
cene in  glacial  acetic  acid,  and  oxidizing  by  adding  chromic  anhydride 
In  the  hot  solution*  The  quinone  separates  on  the  addition  of  water, 
ukd  is  purified  by  sublimation*  Anthraquinonc  is  chie%  used  in  the 
maaufacture  of  alizarin. 

^  Alkarin,  dihydroiy-anthraquinone,  QH^<^Q>C(ft(0H)3,  ^^ 

artificial  madder,  is  formed  from  anthraqyinone  by  the  action,  first,  of 
fuming  sulphuric  acid,  by  which  anthraquinone  sulphonic  acid  is  pro- 
duced.    This  is  heated  with  potassium  chlorate,  and  then  with  NaOH. 

C;H,<^^>C,H,  +  H^O.  -  QH,(CO),QH^SO,  +  H,0. 

QH4(CO),QH,HSO,  +  NaOH  =  CjH^(CO)jQH,OH  +  NaHSO,. 
C«H^{CO),C^H*OH  +  O  -  C,H,(CO)AHj(OHV 

The  alizarin  formed  combines  with  the  excess  of  NaOII  present  to 
fofin  sodium  alizaratc.  This  is  dissolved  in  water  and  the  alizarin 
precipitated  with  hydrochloric  acid,  Alii^irin  is  a  fine,  red,  crystalline 
powder,  readily  soluble  in  alcohol.  It  is  a  valuable  dye-stuff,  and  has 
neartv  displaced  madder  in  the  dveing  industry. 

Sodium  alizarin-monosulphonate,  QH3^faS03(CO}JqH3(OH)j, 
m  ydkiw  dye-stuH,  is  employed  as  an  indicator  in  the  examination  of 
contents. 

Aathnrobia  is  produced  by  the  reduction  of  alizarin  with  nas* 
ant  Qftlroffen. 

C(OH). 

t;H/co),c^(OH).  +  jH,  =  c,H,Q       ^c.h,(OH1,  +  h,o. 

A&SKiiD.  Aoihrurobin. 

Anlhrmiobin  has  been  used  in  medicine  as  a  local  application  in  skin 
dwan-ii  Jt  is  a  yellowish-white  powder,  insoluble  in  water,  but  very 
salttble  in  alkaline  solutions.  These  solutions  rapidly  turn  green,  then 
owing  to  absorption  of  oxygen,  and  change  back  into  alizarin. 


^Itoe,  owing 

0-' 


Acid, 


AROMATIC  ACms* 
Acidum    Benzotcum    (U*    S.    P.,    Br),  — 

Thb   acid   occurs   in   gum-heozoln  and   in  the 


katu  of  the  as^ien;  11  is  also  found  in  the  urine  of  herbivorous  animals.] 
BcfUEoic  arid  was  formerly  prepared  from  gum^benzinn  by  subliomtbn* 
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The  powdered  rcsio  was  geoUy  heated  In  an  mn  pan  coven^l  with  a 
perforated  paper  cover;  over  llus  was  placed  a  paper  or  fek  cone;  ihc^ 
ben^ic  acid  was  subLimed  and  coDecied  on  the  inner  surface  of  the" 


cone.  It  was  also  prepared  by  boiling  the  resin  with  milk  of  lime,  fil- 
tering, concentrating  the  Eltrate  by  evafioration,  and  precipitaling  ifae 
acid  with  hydrochloric  acid^  It  is  now  prepared  from  iohmt  bj 
treatment  with  HNO,. 


ToIueK. 


acBJDic  Acid- 


I 


I 


It  is  also  obtained  as  a  side-product  in  the  preparation  of  beszald^ 
hydc  from  toluene. 

Properties.— Benzoic  acid  occurs  in  large,  thin,  gibtening  plates^ 
or  needles;  it  melts  al  120^  C  (248°  F,)  and  boils  at  250**  C-  {4S2**R). 
but  sublimes  at  a  lower  temperature*  It  b  soluble  in  hot  walcr  and 
alcohol,  but  sparingly  soluble  in  cold  water.  It  has  a  peculiar,  ara- 
matLc^  irriLating  odor. 

The  beozoates  are  generally  soluble  in  water. 

The  beozoates  of  ammonium,  lithium,  and  sodium  are  official.    The 
one  most  used  is  ammonium  benzoate.     This  salt  occurs  m  cofarbs, 
transparent,   prismatic  crystals^   or   in   white,   granular  crystals,  b^     «. 
coming  yellow  on  long  exposure  to  the  air.     It  has  a  slight  odor  d  mt 
the  add  and  a  saline,  afterward  bitter,  taste;  soluble  In  5  parts  of  waler  ^M 

The  sodium  salt  is  soluble  in  r*S  parts  of  water,  has  a  sweet  as- 
tringent  taste,  is  free  from  bitterness,  and  has  a  neutral  reaction.  The 
acid  and  its  salts  ha%'e  an  anlifermentati%^  and  antiseptic  action.  The 
benzoates  may  be  taken  internally  without  harm.  They  are  eliminated 
by  the  urine  partly  unchanged  and  partly  as  hippuric  acid. 

Solutions  of  benzoates  give  a  ilesh -colored  or  reddish  predpitaie 
with  ferric  chloride. 

Salicylic  or  Hydroxy-benzoic  Acid,  Acidum  Salicylicum  (U 
S.  P ,  Br.},— 

OH 

/^  ^COOH  -  C„H,(OH)CO^, 

This  acid  occurs  in  the  flowers  of  several  species  of  sptrmi^  and  its 

{OH 
,p.^P     *  forms  a  large  part  of  oil  of  winter^ 

green,  from  which  it  was  formerly  prepared.    It  is  now  prepared 
a  large  scale  by  passing  CO,  into  a  heated  retort  containing  sodium 

carbolate,  1 

CgH^ONa  4-  CO,  -=  CjH^(OH)CO  .  ONa, 
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By  dccoin loosing  the  mass  with  hydrochloric  acid,  the  acid  is  set  free, 
Wlien  pure,  salicylic  acid  occurs  as  fine,  white^  prismatic,  needle- 
shaped  crystals  J  permanenl  in  air,  having  a  sweetish,  slightly  acrid 
taiite  and  acid  reaction;  soluble  in  450  parts  of  cold  water  and  in 
f,S  paru  of  aloohoL  Its  solutions  give  an  Intense  violet  color  with 
tone  salts.  This  is  used  as  a  tesL  Sallcjlic  acid  is  sometimes  added 
to  wines,  becr»  and  other  articles  of  food,  as  a  preservative^ — a  use 
which  should  be  prohibited, 

-^  The  salicylates  of  potassium,  lithium,  sodium,  bismuth,  and  some 
ol  the  alkaloids  are  used  in  medicine.  The  saiicylic  esters  are  very 
auiiMfDtis,  some  of  which  are  used  m  medicine,  and  have  already  beea  j 
described. 

Cloedy  related  to  saiicylic  add  is  a  glucoside  of  ox)^ben2oic  alcohol, 
calted  saiicin. 

r  H  }^^ 
^•"*\CH,OIL 

Oxfbeiu£iic  Akobol 

Ciniiaillic  acid,  C,HjCH  rCH  .  COOH,  is  found  in  baJsams  of  Peru  and 
lolmiiil  m  Ur|U]d  sioraJt  and  a  dumber  of  other  n;itural  products.     It  i^  now  usually  | 
jptepucd  by  licating  a  mLictuiT  of  bcnz^ldeh^de,  aciftic  anhydride,  and  sudituxi 
•ceiilir^    Tbc  cTondcnsation  is  cxprcssixi  in  the  following  equation: 

C^BJCnO  +  CHjCOOH  -  C.Hi    CH  :  CH  .  COOH. 

CiBiiamk  acid  crystAlli^ts  from  wat^r  in  needles  ^lubte  with  difBctilty  in  wmt4 
Tht  mM  his  ticcn  U5f d  in  the  treatment  of  tubtrvulosis  cither  in  the  form  of  1 
amkMiti  tir  hviKMk'rmdncuIlv ,    Phenyt-propioaic  acid,  QH^Cltj .  CH^ .  COOH, 
^nap^yl-aeetic  acid  (toiuic  acid),  QH^CH,  ,COOH,  are  other  adds  of  the 


SiLcin. 


Gallic  acid,  triliydroxy-beDzoic  acid,  acidum gailicum  (I.L  S.  P.), 
C^(OH),.COOH  JIJ),  is  [yre[>ared  from  gall-nuts  by  keeping  them 
i&i  wann,  moist  pJace  until  ihey  undergo  fermentation,  extracting  the 
nasft  with  U>tling  water,  and  cr)^stalli2;ing.  It  may  be  obtained  from 
tumsc  acid  by  boiling  with  diluted  acids  or  alkalies,  or  by  spontaneoua^ 
fenaentaiiion,  as  alx>ve  descril>ed  for  gall-nuts^. 

Gottic  acid  cr)stallizes  from  water  in  fine,  silky  needles,  readily 
«)iyble  in  tlirec  (xirts  of  boiling  water,  in  ether  and  in  alcohol.  It 
gnts  A  blue-bhirk  precipitate  with  ferric  salts,  and  ils  hot  solution  re- 
iltico  the  salu  of  .silver,  iiiercur)%  and  gold.  Its  normal  salts  are  per*j 
WffHTf*t;  but  tlieir  ^ihitions  readily  decom|K)se.  It  has  a  strong  astringentl 
Hile,  aod  b  used  m  tacdicine,  in  common  with  tannin^  as  a  hemostatic 
and  astringent. 

CrMOtiC  Acidi,  Eytdnwiy- toiuic  Acid«,— C,H,CH,OHCO0if.    There  ar 
lluifr^l  fK— ^'  .  ..n^i-^iuvtwiirtr,  T-v  lUr  fifthcj-,  mets -j  and  para-cresols.     They  are  | 
|m^ Inr  f  '  idc  nnd  t  arhoo dirtxldle  utMin  the  cre^ol^,  ore 

i^^tit  ikt  L  .►!  I uTrfKirini*  saiicylic  acid  from  phcnd.     T 

ttty abci  bv  prrpwr^  by  tucking  the  hornolffguca  of  phenol  with  t^vts&ot  jiol^ssitim 
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hydroxide.  The  crttotk  adds  &11  crj'slftlHiC  in  long^  while,  pmmadc  n 
which  ra.n  be  vobtlltzed  ia  &  current  of  steam.  They  art!  soluble  with  diffic 
cold,  but  more  so  in  hot  water;  readily  soluble  in  alcohol,  ether,  and  chlor 
In  solution  their  jractlons  are  stmjlar  to  salicylic  acid.  Several  salts  of  rresoT 
have  been  suggested  as  medicinal  remedies.     Sodium  cresotate  and  sodiuni 

cr«90Ute,  CjHj  <  OH         ,  have  been  used.    The  tatler  salt  is  a  fine*  en- 
icOONa 

f>owdcr  with  a  bitter  tasc,  soluble  in  2$  parts  of  water.  It  has  been  used  in  rl 
ti-sm,  in  Hitscs  of  from  S  to  45,  grains. 

Phthalic  Acid  (Benzene^icarboiylic  Acid).— CgHj/p??^.     Th< 

three  isomcrit;  acids  having  thia  formula,  the  ortho-,  mcta-,  and  para-pbthali 
On  heating  ihc  onho-add  toaij^^C.  (415-4*^  K)  it  melts  and  is  convert 
phtiimlic  anhydride* 

COOH 
/^  NcOOH  = 

O  pfactiiilic  Add. 

On  heating  Ibc  anhydride  mth  phenol  and 
formed. 


Phi  hake  Anhydride 

sufphuHc  acid^  phenolphlhi 


aC,H|OH  +  CiH^CjO, 


/C-CQH^OH)i 


C,H,(^  >0 
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Phenolphthalein  is  a  white  or  yellowisbMhtte,  cryslaUine  powder,  slight^ 
in  water,  but  readily  soluble  in  alcobol.  It  retains  the  phenol  character  ai 
bines  with  the  caustic  alkalies  and  alkaline  eatihs  ancf  the  alkatine  carbo 
form  bright  pltik  compounds.  It  is  em  ployed,  on  this  account,  as  an  indl 
alkalimetry  and  acidimetry.  It  is  employed  in  the  volumetric  estimatioJ 
weak  organic  acids  in  the  urine,  gastric  contents,  milk,  etc*  It  is  not  s 
with  ammonia, 

AROBffATIC  ESTERS, 

We  shall  consider  only  a  few  of  the  esters  and  allied  com] 
which  are  used  in  medicine. 

Methyl  salicylate  has  already  been  described  (see  page  2 
'/  Salol^  phenyl-salicylate,  pbenylis  salicylas  (U-  S.  P.),  cj 
QH^Oj,  is  prepared  by  heating  a  mixture  of  sodium  phenyl,  1 
salicylate,  and  phosphorus  oxychloitide.    The  reaction  is  as  folio 

aC,»H.ONa  +  2QH,OHCOONa  +  POCl,  =  , 

Sod.  PhdHol.  Sod.  SalicyUir.  g 

jNaCI  +  NaPOi  +  aC.H^OHCOOCJIr  1 

Phenyl  salit  ybte* 

Another  method  is  to  heat  salicylic  acid  in  a  flask  to  220°  t 
C.  (428^  to  446^^  F.)  in  an  atmosphere  of  inert  gas,  as  COj,  \^ 
bses  water  and  COj,  ^and  is  converted  into  salol. 


J^  -^Xj--  ,  v-^Vt^ 
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«C.Hi{  COOH  =  ^^»  +  ^'^  ^  ^****{  COOQH, 

Sa&crtic  Add-  FhcDyl-ulicylale. 

Or  by  the  reaction  of  COCI^  on  salicylic  acid.  Salol  Is  found  in  the 
I  market  as  a  white  crystalline  powder;  almost  insoluble  in  water,  hav- 
I  bg  a  Ukifxi  aromatic  CMlor  and  a  slightly  saJty  laste.  It  is  soluble  in 
^ttber,  »lcuhol,  benzene,  and  fatty  oils.  It  mells  in  a  colorless,  oily 
at  45°  C,  (iio^  F.).  It  is  not  a  very  stable  compound,  and 
breaks  up  into  carbolic  and  salicylic  acids.  With  tixed  alkalies 
ft  breaks  up  toto  a  salicylate  and  an  alkali  phenol.  This  change  takes^ 
pkce  with  the  sodium  cariKinale  of  the  bile  in  the  duodenum.  It  is 
used  In  medicine  as  an  intestinal  antiseptic,  and  in  the  treatment  of 
rheumatism. 

Salacetol,  acctol  saHcylate,  (CHjCOCHJCOjQH^OH,  is  a  com- 
pound recentiy  introduced  as  a  substitute  for  salol,  from  which  it 
diffei^  in  having  the  radical  acelol,  CaH^O,  In  place  of  the  phenyl 
radical f  C^H^. 

Salacetol  is  prepared  by  healing  together  monochloracelone  and 
flodiam  salicylate: 

^^■F^icOONa  "*"  CH|COCH,Cl  -  QH^  COOrCHjCOClIJ  +  NaCL 

^K     SaJacetol  occurs  in  white,  shining  leaflets,  melting  at  71"^  C  (160** 
^^F-),  f€fy  slightly  soluble  in  water,  soluble  in  15  parts  of  coid  alcohol, 
in  JS  patts  of  castor  oil,  or  In  30  parts  of  almond  or  olive  oiL      It  con- 
tains 71.1  per  cent,  of  salicylic  acid  in  combination  with  the  absolutely 
POD-Iuxsc  substance,  acetol,  a  homologue  of  levulose.     Salacetol  may, 
e,  be  regarded  as  a  synthetical  glucoside.     It  is,  like  salol^ 
Aposcd  by  ajkalies  into  acetone  ant!  an  alkaline  salicylate.     It  re- 
r  ehling^s  solution. 
It  has  been  used  as  an  intestinal  antiseptic  and  In  rheumatism,  both 
inlemaUy  and  by  inunction.     It  may  be  given  in  doses  as  large  as  two 
or  thrw  grams. 

Saloplieni  acetyl-para-ainido-plietiyl  salicylate^ 

'^"^'-COO  .  C,H,NH(C,H.O), 

my  be  rrgirded  as  sabl  in  which  an  atom  of  hydrogen  in  the  phenyl 

has  been  replaced  by  the  univalent  group  NHCOCH^/ 

Opbeo  occurs  in  minute,  white»  crystalline  scales,  almost  en- 

tirdj  inaoluble  in  water,  ami  free  from  cxior  and  taste.     It  is  freely 

in  alcohol  and  ether.    The  alcoholic  stilution  gives  a  vinlet* 

precipitate  with  FetClg,  and  a  dense- white  one  with  bromine 

1 1  melti  at  187^  C.  (568.6**  F.).    Like  salol,  it  splits  up  in 
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the  body,  and  is  excreted  as  salicyluric  acid  and  parapbenol  com- 
p>ounds*     It  is  comparativety  innocuous. 

Salol-campbor  is  prepared  by  fusing  a  mixture  of  three  parts  sM 
and  twu  parts  camphor.  It  is  a  colorless,  oily  liquid,  soluble  la  etber, 
chloroform,  and  oib. 

Betol,  ^-naphthol  salicylate,  CaH.COiqCOOCiJIj.  has  hm 
used  for  the  siime  puqwses  as  siilol,  It  occurs  as  a  white,  m-stalliM 
powder^  almost  insoluble  in  water* 

Phenyl-urethane^  euphorin,  CgHgNH  .  CO .  OCjHjj  is  the  pheoj'l' 
ester  of  ethyl  carbonic  acid.  It  occurs  as  a  colorless^  crj^slalline  jtow- 
der,  slightly  soluble  in  cold,  but  more  soluble  in  hot  water.  It  is  d- 
uble  in  even  diluted  alcohol  and  in  ether.  It  is  used  as  an  antipyrdk, 
analgesic,  and  antirheumatic  in  doses  of  2  to  S  grains. 

AROMATIC  COMPOUNDS  CONTAHfHIG  SDLPHUIt 

Thiophenol,  C^HaSH,  has  been  obtained  by  heating  phenol 
with  PjSjj.  It  has  the  properties  of  the  mercaptans.  Aromatic  rbio- 
ethers,  sulphoncs,  sulj>hinic  and  sulphonic  acids  are  known,  but  wills 
the  exception  of  the  last  named  are  not  used  in  medicine. 

Benzene  sulphonic  acid,  QHs ,  SO^H,  is  formed  by  treating 
benzene  with  concentrated  sulphuric  acid.  It  forms  colorless*  hygi^ 
scopic  plates,  freely  soluble  in  alcohol.  Wlien  fused  with  potassiuni 
hydroxide  it  yields  phenol.     The  purest  phenol  of  the  markets  is  new 

adc  by  this  process. 
/  SuIphocarboHc   acid,  ortbo-phenolsulplionic  acid,  QH^OH, 
SO3H,  is  formed  by  the  action  of  strong  sulphuric  acid  on  phenohi ib^ 
ordinary  temperature,  along  with  a  small  quantity  of  parapbenol  sJ 
phonic  acid. 

The  barium  salt  from  which  the  other  salts  may  be  prepared  is  pr«^ 
cipitated  by  adding  barium  carbonate  to  the  diluted  acid.  Sul[>bt*^ 
carbolic  acid  is  also  sold  under  the  names  oj  sozolic  acid  and  aseptol 
and  is  recommended  as  an  antiseptic  for  internal  use.  It  sometirocs 
ocairs,  as  small,  deliquescent  needles,  but  generally  as  a  red  liquid, 
freely  soluble  in  water,  alcohol,  or  glyceroL 

The  sulphocarboktes  of  sodium  and  zinc  are  used  for  intern*! 
medicinal  use, 

Sodii  phenolstilphonas  (U.  S.  P.)  is  a  colorless,  transparent,  oyS" 
talline  solid,  with  a  saline,  slightly  bitter  taste.  It  is  soluble  in  4-^ 
parts  of  water  and  in  132  parts  of  alcohol.  Its  solutions  give,  wtlh 
FejCln^  a  pale  violet  color. 

Sozoiodol,  di-iodo-para-phenolsulphooic  acid,  CaHjIiOH. 
SOjOH,  is  a  crv'slalline  solid,  occurring  in  acicular  prisms,  readi' 
soluble  in  water,  alcohol,  and  glyceroL 
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prq^ed  by  the  action  of  a  solution  of  iodide  and  iodate  of 
n  upon  sulphocarbolate  of  fjotassium  dissolved  in  dilute  HCL 
11  nas  ueen  used  as  a  substitute  for  iodoform^  in  surgical  dressings. 
The  S€xiium  salt  is  recommended  as  a  remedy  for  whooping-cough, 

1^  OH 
Saiicyl-sulplioilic  acid,  C^HgA  COOH,  is  formed   by  the  action 
(SOjOH 
of  strong  sul[*huric  acid  upon  salicylic  acid.     It  separates  from  the 
mixture  in  fine,  white  needle-shaped  cr>'stals,  very  soluble  in  water. 
■  Jte  tquenus  solution  is  used  as  a  delicate  test  for  albumin  in  urine. 

Calcium  .^-naphthol  sulphooate    has    recently  been  introduced 
tjan  antiseptic  under  the  name  of  asaprol^  CaCCjifH^SOjOH)-.,     It 
m  adcular  cry^stals,  readily  stihiblc  in  water  and  in  alcohol. 
If  lias  been  use^l  internally  in  doses  of  from  15  to  60  grs. 
I  Alumnol^    Anaphtliol-disulphoiiate     of     aluminum^   (CjftH^- 

^^OH  .  (i>Oj)j)^\l^  is  a  white  powder^  easily  soluble  in  water  and 
^kiyccniL     It  darkens  on  exposure  to  air. 

^/T  II  is  prepared  by  heating  /^-naphlhol  with  H3SO1  at  110**  C. 
^■^kT  F.)*  The  resulting  naphthal'disuljihonic  acid  is  converted 
^^^p  ihe  barium  ^It^  and  this  treated  with  aluminum  sulphate  to  pro- 
^Tw  Ibe  aluminum  salt. 

It  b  used  as  an  antiseptic  and  astringent.  I 

Saccfiario,  glusidum  (Br,)^  benzoyl-sulpHonic  imid,  betizo  sul- 

phlnidum  {V.  S.  1*,),  QH^CUSOjHN,  is  cmjtloyed  as  a  sweetening 

tgcTiL     Its  sweetening  |>ower  is  aoo  to  300  times  that  of  sugar.     The 

^sub^Unce  h  usually  pre(>ared   from   toluene-sulphonic  acid.     It  is  a 

^■Vhitc  powder,  with  an  intense  sweet    taste  and  a  fine  almond    odor. 

^■It  i&  Mightly  soluble  in  water^  forming  a  feebly  acid  liquid.    It  is  more 

^Bioluhle  in  akohttl,  glycerol,  ammonia  water,  or  in  a  solution  of  sodium 

Blictfbooatc.     Saccharin  has  been  largely  recommended  as  a  sweetening 

f  ifnH  for  uHC  by  diabetics,  to  avoid  the  use  of  sugar.     It  has,  however, 

\itemtn  tinstiitabic  for  this  purpose?,  owing  to  its  disturbing  effects  upon 

Ihe  digcstioiL     Owini^  to  the^  elTects^  also,  its  use  has  been  prohibited 

hf  stJitute  In  several  Curoj>ean  coantries.     It  is  employed  to  sweeten 

^^«ijKs^  and  is  s^imcllmes  used  in  j>harmary  to  sweeten  elixirs,  syrups^ 

^■Oc,  an*l  III  mask  the  taste  of  the  alkaloids  and  bitter  principles, 

^■S  kbUijol,  anmLomtmi    ichthyol-sulplioiiate,    C%4HjeSsO0(KH()7, 

H^fi  obtainevl  by  the  di^^tilbtion  unci  purification  of  a  pitch -like  mineral 

I      4tpmL     ll  is  a  dnrk  brown,  pitch-like  mass,  having  a  disagreeable, 

toy  odor.      The  M>dium»  lithium,  and    irt>n   salu   have  also  been 

pural,  byt   the  ammonium  s<ilt  is  the  one  generally  used.     It  is 

^i^^y  soluble  in  water,  glycerol,  and  most  of  the  fixed  oils. 
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ItEDtCAL  chemistry: 


AROMATIC  AMIlfS, 
The  classificmlion  of  the  aromatic  amins  and  amlds  is  the 
llmt  of  the  fatly  compounds- 

Phenylamm,  or  aniUn^  NHjC^Hj,  is  the  besl-knowu  amrnatic 
ami II.  It  is  obtained  from  benzene  by  first  convertiiig  ihis  Inio  niiri> 
licnzene^  by  the  atlion  of  a  mixture  of  conceotiaied  nitric  and  sulphuric 
acid^. 

CS*  +  HNO*  -  QIV^O,  +  H4O. 

Nitrobenzene  is  generally  a  pale  yellow,  strongly  refractive  liquid, 
lM)iling  at  220^  C*  (428°  F,).  It  has  a  burning,  sweet  taste,  and  an 
(xior  resembling  that  of  bitter  almonds  and  cinnamon.  It  is  11^  in 
|x?rfumer>^  under  the  name  of  essence  of  mirbane.  It  is  a  vkJenl 
jMiison,  Wlien  treated  with  nascent  hydrogen,  generated  by  zmc  and 
acetic  or  hydrochloric  acid^  anilin  is  produced,  the  tiitiogen  jLO^ing 
from  the  j>enlad  to  the  triad  condition. 


C,H,NH,  +  2H,0. 


The  anUin  combines  with  the  add  present,  forming  a  crj^siaUiiabJ 
fialt,     Like  all   the  amins,  it  acts  as  a  base,  uniting  directly  will' 
jicids, 

Anilin  is,  when  pure,  a  colorless,  oily,  refractive  hquid,  boiling  J 
iSi"^  C.  (359°  FO,  and  is  insoluble  in  water.  It  is  the  basis  of  a  bn 
numljcr  of  beautiful  coloring  matters,  very  much  employed  in  dyeing 
and  calico  priming.  In  1858  Perkins  obtained  a  purple  dye,  t 
acting  ujKJn  anilin  oil  with  potassium  di chroma te  and  sulphuric  ac 
Other  colors  were  soon  obtained;  greens,  yellows,  reds,  blues,  Wok 
and  iilick  have  all  been  obtained  from  anilin.  These  dyes  are  &olub 
in  alcohol  and  glycerin,  and  are  used  for  a  variety  of  purposes, 

Anilin  is  easily  detected  by  a  solution  of  s^xlium  h\7>ochIoriK 
(chlnrinatetl  soda),  with  which  it  gives  a  puq:ile-coloretj  solution. 

Anilin  is  a  powerful  narcotic  poison,  whether  taken  internallv 
or  inhaled  as  a  vapor.  The  salts,  when  pure,  are  compamtivdy 
inntHuous. 

*riie  first  homylogue  of  anilin  is  toluidlne,  and  is  prepared  ffoen 
toluene  by  the  formation  tind  reduction  of  nitrotoluene.  There  arr  three 
isi.>mcric  nitrtitalucnes  and  tliree  ctirresponding  toluidins. 

Deriviitiires  of  Amlin,— Methyl  anilin,  QH^ ,  NH  .  CHj,  aiwl 
dlmtthyl  anilin,  CVH^ .  NCCHj^),,  are  technically  important  ct^iu- 
I>ound.s  in  the  pr^xluclioii  of  dyes.  Dipheny laming  (C^)^li  '^ 
a  a^orlos,  insl^lUne  fiowder.  Its  solution  in  sulphuric  add  |^vc^ 
an  intense  blui*  color  with  i\itric  or  nitrous  adds.  This  reaction  i^ 
\t^'  iicliciite  ami  i>  used  for  their  detection  in  potable  waters  (p.  ij 
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It  IS  used  In  the  manufacture  of  dyes.  Triphenyiamm,  (CgHJ^, 
is  ako  known. 

Anilids. — ^The  hydrogen  atoms  of  the  amidogen  group*  in  aniUn^ 
may  be  replaced  by  various  negative  or  acid  radicals,  forming  anilids. 
We  may  substitute  CI  for  the  H»  forming  several  isomeric  chloranilids. 
In  ail  such  cases  the  K  is  assumed  k>  be  attached  to  C  atom  number 
one  of  the  benzene  ring.  A  large  number  of  isomeric  compounds 
arc  thus  produced,  none  of  which  have  been  employed  in  medicine. 
The  nitro-derivatives,  which  may  easily  be  formedj  are  not  employed 
in  medicine. 

(QH, 

Acetanilid^  antifebrin,  acetanilidum  (U.  S,  P.),  N  <  QHp,  dif- 

(  H 

fers  fjiom  anilin  in  having  the  radit^l  of  acetic  arid  substituted  for  one 
hydrogen  atom.  It  may  be  prepared  by  the  distillation  of  anilin  acetate, 
or  by  boiling  anilin  with  glacial  acetic  acid. 

It  occurs  in  white,  shining  plat^,  melting  at  112.8*^  C*  (235**  F.) 
and  boiling  at  292°  C.  (558°  F,)^ 

It  is  sparingly  soluble  in  cold  watCTj  but  is  more  freely  soluble  in 
hot  water,  from  which  it  crystallizes  on  cooling.  It  is  ven'  much 
employed  in  medicine  as  an  antip}Tetic — 1\  e.y  to  lower  the  bodily 
temperature  in  fevers.  It  is  used  in  the  arts  for  the  preparation  of 
derivatives  of  anilin. 

It  IS  prepared  by  the  prolonged  action  of  pure  anilin  upon  glacial 
acetic  acid  at  a  high  temperature,  submitting  the  mi.xture  to  fractional 
distiUaiion,  collecting  what  passes  over  at  295°  C.  (565°  F.),  and 
recr}stalHzing  from  boiling  water, 

QH,NH,  +  C^?*0^  -  C.H,NHC,Hp  +  Bfi, 

Antlin,,  Aci;(ie  Add*  Aoct«iiiIid. 

It  is  official  in  the  U,  S.  P.  and  in  several  foreign  pharmacopcrks. 
t  is  identified  by  the  develojimcnl  of  a  yellow-green  color,  with  a 
^green  fluorescence  (flavanilin)  when  heated  for  some  time  with  an  equal 
weight  of  ZnCl^.  Acetanilid  is  only  partly  decomposed  in  the  animal 
bodVp  Ijeing  excreted  in  the  urine  in  the  form  of  complex  phemjls, 
AnUfebrin  is  the  copmght  name  of  acet;inilid, 

Methyl-acetaniUdi  esalgini  N  -  C^HgO^  is  protluced  by  the  sub- 

(CH, 
tetution  of  CH|  for  H  In  acetanilid.     It  is  formed  by  warming  to- 
gether  methylunilin   and   acetyl -chloride.      It   occurs  as  a   tasteless. 


with  a  melting  point  of  loo*^  C.  (712*  F.),  and 
decomfxjsition  at  240^^  lo  250^  C,  {464°  to  483^  F.), 
is  readily  soluble  in  alcohol,  but  with  difficulty  in  water.    It  is 


crvstalli 
kb^l 


ine  f>f^ wrier, 
ilhout 


employed  in  medicine  for  the  relief  of  pain,  and  is  best  given  ii 
sules  or  |K>wders,  in  doses  of  one  to  four  grains, 

Phenacetin,  Acetphenetidinum  (U.  S.  P.).— N  ]  CjHjO. 

(h. 

As  will  be  seen  from  a  comparison  of  the  formulae,  this  compc 
closely  related  to  acelaniKd.    It  is  prepared  from  sodium  par 
phenol,  by  converting  it  into  paranitro[ihenetol  by  the  action  of 
iodide.     This  is  reduced  to  paraphenetidin,  which,  on  prolonged 
with   glacial   acetic   acid,  yields   phenacetin*      Phenacetin  occ 
colorless,   tasteless,   inodorous,   gUstening,   scaly   crj^stals,    mell 
135°  ^'  (^75**  f^-)'     It  is  sparingly  soluble  in  cold  waler,  but 
in  about  seventy  parts  of  hot  water.     It  is  more  soluble  in  t 
It  is  very  much  employed  in  medicine  as  an  antipyretic,  and 
relief  of  pain,  in  doses  up  to  fifteen  grains.     It  has  slight,  if  an 
properties.     It   may  be   identified   by  the   productiori   of  a   d 
color  with  chromic  acid,  when  added  to  the  dnig  dissolved  in 
hydrochloric  acid.    Its  freedom  from  aceUinilid  may  be  prove 
aqueous  solution  does  not  become  turbid  on  the  addition  of  ! 
water.    Sulphuric  acid  should  dissolve  it  without  color.    Heal 
free  access  of  air,  it  burns  aft,  lenving  no  residue. 

Antipyrm,  phenjl-dimethyl-pyrazolon,  phenazone  {Br, 

pyrina  (V.  S.  P.),  QH,N  {  ^ChJcCH;  ^'  P^^^^  ^^  ^*^^  « 

phenyl- hydrazin  on  acetylactic  acid,  by  which  phenyl-hydrazin  a 
tate  is  formed.  By  the  action  of  heat  this  separates  into  ethyl 
and  phenyl-methyl-pyrazolon.  By  warming  this  compour 
methyl-iodide,  a  dimelhyUphenyUpyrazolon  is  pro<luced.  A 
forms  small,  lustrous,  rhombic  needles,  or  plates,  which  are  odor 
have  a  bitter  taste.  It  melts  at  113*^  C.  (235**  F.)i  and  is  readili 
In  water,  alcohol,  and  chloroform,  but  it  is  le^  soluble  in  eth 
exposure  to  the  air  it  takes  up  a  small  quantity  of  water,  a 
melts  at  a  lower  temperature.  It  is  decomposed  by  strong 
solution,  the  base  separating  as  a  milky  oil,  speedily  collect 
globules.  The  aqueous  solution  exhibits  no  alkaline  reacti 
litmus,  but  docs  so  with  methyl -orange.  It  may  be  quant 
estimated  by  titration  in  an  aquet^>us  or  alcoholic  solution  with 
orange  as  an  indicator.  It  is  a  strong  univalent  base.  Its  sal 
of  which  are  soluble,  do  not  crystallize.  Several  of  these  sa 
been  used  in  medicine.  The  benzoate,  obtained  by  the  add 
antipyrin  to  a  boiling  solution  of  benzoic  acid,  has  a  punge 
and  a  slight  odor  of  benzoic  acid.  It  is  slightly  soluble  in  wa 
freely  so  in  alcohol  and  ether.    The  salicylate,  or  salipyrin 
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one  of  these  salts  which  has  been  much  used  in  medidoe.  It  is 
epaied  by  the  direct  combination  of  antip>Tin  and  salicylic  acid, 
occurs  as  a  white,  coarsely  cn'staUized,  odorless  powder^  with  a 
shj  sweetish  taste^  almost  insoluble  in  waler^  but  readily  soluble 
alcDbol,  from  which  it  crystallizes  in  hexagonal  tables.  It  has  been 
ammended  as  a  remedy  in  the  treatment  of  rheumatism.  Antlpyrin 
forms  com|jiJunds  with  phenol  Phenopyrin  is  prepared  from 
^ual  parts  of  crystallized  phenol  and  antipyrin.  PyTOgallopyrin, 
naphthopyrin,  and  resopyrin  are  compounds  of  pyrogallic  acid, 
uaphthoij  and  resorcin,  respectively^  with  antipvTin,  Antipyrin  forms 
seb'eral  com{K>unds  with  chloral.  One  of  these  has  been  used  in  medi- 
cine under  the  name  of  hypaal^  lodopyriil  is  a  substitution  product, 
in  which  one  atom  of  H  of  the  bemtcne  nucleus  has  been  replaced  by 

iodine.      The   formula   is   QHJ-N  j  i^^u  ppt  j  ■      It   occurs   as   a 

tasteless,  colorless,  crystalline  powder.    It  is  slightly  soluble  in  cold 
Mid  readily  in  hot  w^ater. 

Tests  far  the  Anilin  DeriTatiTes. — Acctanilid  and  antipyriii  are  frtcly  soluble 
Phcnaccrin,  si>lubte  in  CHClj  with  difiirulty.    Antipyrin  b  the  only 
uluble  in  w^aU'r,     Att^tamUd*  when  heated  with  CHCIj  and  a  few  dro^JS 
F^bung^solulioti  of  KOH,  givi'S  a  disagrreablir  odor  of  phcnyI'isr>[iitH[.     Phtnace- 
^  atid  antipyiiTi  do  not  g^vc  ihis  reaction.     Ferric  f  hloride  solution  gives  a  red 
softitkin  with  antipjTin,  disappearing  on  adding  a  few  drops  of  H^SQ,;    it  gives  a 
red  color  only  an  DOilln^  with  aceunilld,  exalgin»  and  phenacelin. 

Acetauihd  and  antipv'rin  give  precipitates  from  watery  solution,  with  bnomine 
mler.    Oihrrs  do  not, 

Nitious  ackl  and  sweet  spirits  of  nitre  give  a  green  color  with  antipyrin,  due 
to  bonitruso^iLiilipydn, 

DianmiS* — Few  of  these  compounds  are  of  sufficient  importance  to  the 
piiflfiiiaci&t  or  physicLin  lo  be  described  here.  A  few  of  them  have  been  found 
MBlontf  the  products  tjf  bacterial  decomposition  of  proieid  matiers- 

Kfttapl' fnylmnm  rflpTTiift^  CiH^CNHj),^  obtained  by  the  fiMJuction  of  n-flinitro- 
ImeKD^  M  a  colorless  crystal] ine  solids  gi^'i^g  an  intense  yellow  color  wilb  iraces 
Fofitrotia  acid.     It  is  employed  as  a  test  for  nitrites  in  potable  waters  {p,  13^). 


THE  A20-  AJfD  DIAZO-COMPOUNDS  AND  HYDRAZDia 
Thcs*  three  classes  of  compounds  are  charrRteriiScd  by  the  group  — N,^, 
difier  from  one  another  in  the  constitutir#n  of  the  N,  group.     In  the  a2iO- 
\  this  gnnip  has  the  arrangement,  ^ — N  =  N-^;   in  the  diazo-com pounds, 
and  In  the  hydrazins,  ^HN  — NH — , 

/.fMTom pounds  are  formed  bythe  reduclion  of  the  nitro*com pounds  in  an 
^ .,    ,  hJution*     The  reduction  in  an  acid  solution  yields  amido-compounds. 

1.  jQHjjNO,  +  4H,(from2n  +  NaOH)  =  QH^N-N-^^H,  -f  4H,0. 

a.  QHfcNO,  +  3H1  (from  Zn  +  HC,H,Oj)  =  QH^NH,  +  jHjO. 

The  diazo-,  or  diaaonjum  compounds  are  formed  by  the  action  of  nitrous  actdy 
or  sodium  nitnte,  upon  all  aromatic  amln  in  a  strongly  acid  solution. 
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C;H>'H,  .  HNO,  +  HNQ,  «  CH^--N— NO, 

Anltii]  MlnLU!.  { j  | 

N 

BFQzcttp  dia7!)nhium  Kitrate 
or  i>iAj^beii2t;DC  Xitratc^ 

The  diaxo-com pounds  were  distovered  by  Gricss  in  iS60j  and  the  ab«ve  rew 
called  the  diaio-reactlt*n»     EhrJich  has  applied  the  rcaclitin  to  the  urines  of  t 
( lever  for  dmgnoslic  purpiscs  (see  p*  644)' 

The  azo-  and  dia»o -com pounds  pJay  an  important  ruJe  in  the  mnnufac 
coal-tar  dyes.     The  diazo-com pounds   resemble  the  ammonium   eomjjou 
pm|M.'rtie^,  and,  like  NH^  have  been  obtained  only  in  combination  as  salts^ 
the  origin  of  the  name  diazomtun. 

Azobenzene.  (C|Hi)jX^,  u  an  orange-red,  ciystallioe  powder,  fusing 
C*  (154,4*  F,)  and  boiling  at  295°  C.  (563^  F.)-  It  is  insoluble  in  wator,  am 
anilin  on  reduction.  It  is  formed  by  reducing  nitrobenjcenc  w^iih  stannous  c 
in  an  excess  of  KOH,  Further  reduction  of  the  azoliertzcne  with  zinc  di 
NaOH  convert  it  into  hydrozobenzenc,  while  zinc  dust  and  acelic  acid  co 
into  andm. 

r.  (C,Hi)^,  +  H,  (from  Zn  +  NaOH)  =  (C6He)5N,Hr 
2.  (QHjjNj  4^  2Hj  (from  Zn  +  HCj^pJ  -  jQJI^NHr 

When  dia^obcnzt^ne  chloride  is  treated  with  anilin  the  following  rcoctio 
place  with  the  fonnadon  of  amido^^azobenzenc; 

QH,N:N,a   +    c;h,nh^    =    c,H|,-'N  : n . nhc,Hs. 

If  in  the  above  reaction  we  use  dimethyl -anilin  instead  of  anilin  the  foHowi 
tion  takes  place  with  ihc  formation  of  dime  thy  l^amido-azobenzene:  di 

QH,N:NCI     +      QH,N{CH,),     -     C,H,N  :  N  .  C,H,N(CHJ, 

Dl»4Eubcnjceae  ChloriAc.  Dlmpthyll  aniUa.  Dtoielhyl-atnido-azDbetueQc* 

Dimethyl-amido-aiobenzene  is  a  yellow  powder  soluble  In  alco 
nearly  iny>liib1c  in  water.  When  in  sjolutiun  it  combines  with  the  mineral 
produce  an  orange -red  sol  y  tion.  It  is  cn>  ployed  as  an  indicator  for  the  t 
and  estimation  of  free  mineral  acitla.  It  is  especially  employed  as  an  ind 
the  volumetric  cslimatiun  of  free  hvdrot  hloric  acid  in  gastric  contents. 

HYDRAZINS.  A^ 

The  hydrazins  are  a  series  of  pectdiar  bases^  mostly  liqti 
closely  resembling  the  amins*  They  differ  from  ihcm  in  cor 
two  atoms  of  N  instead  of  one,  and  in  their  ability  to  reduce  an  i 
copper  solution  (Fehling\s),  in  most  cases,  even  in  the  cold.  T 
derived  from  diamidugen,  or  hydra^Jin,  NH^NH^j,  of  which  littl 
known.  In  hydra^sin,  as  in  ammonia,  we  may  replace  one  c 
of  the  H  atoms  with  a  hydrocarbon  radical.  If  one  H  atom 
placed,  we  have  a  primary  hydrazin;  if  two  are  replaced,  v 
a  secondary  hydrazln. 

Thus,  ethyl-hydrazin,  C^H^NH— KFI^,  is  a  primary  h\ 
diethyl-hydrazin,  (C^HJ^^N- Nil,,  ha  secondary  hydriixin.' 

Phenyl -hydrazin,  QH^NII— NHj,  is  a  colorless,  crystalOn 
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melting  at  aj*'  C.  (73**  Fj  to  a  colorless  oil  which  boils  at  233°  C. 
(451°  F.)  without  decomiK>Aition,  It  combines  with  HCl  to  form 
plieaj'l-h^'dmzin  hydrochloride,  CoH^N,H^Cl,  which  forms  white, 
oXStftUine  plates.  Like  all  hydrazine,  it  is  characterized  by  its  strong 
ndudiig  jRiwer,  reducing  Fehling's  solution  in  the  cold.  It  is  pre- 
IMTttl  by  reducing  diazobenzene  chloride  wiih  SnCIj  and  HCl, 


?f«« 


N  =  N  —  CI  +  4HCI  +  aSnCl,  -  CJU  •  NH  .  NHg , 
Chkiridc. 


aSuCJ^ 


rli  is  sfiaringly  soluble  in  water,  but  soluble  In  alcohol  and  ether.  It 
h  important  as  an  exceedingly  delicate  test  for  aldehydes  and  ketons, 
cumbining  with  them  lo  form  a  class  of  bodies  known  as  hydrazones, 
and  with  the  sugars  to  form  osa^ones.  Most  of  these  compounds  are 
soGd  and  crystalline,  and  may  easily  be  recognized.  They  are  em- 
|>k*yed  in  the  separation  of  the  sugars  from  one  another. 


L 
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re       I 
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I 


r   !- 


Imlolf  C,H^  JCH,  is  an  aromatic  amin  formed  along  with 

^CH^ 

;ol  by  the  bacterial  decami>osition  of  proteids,  or  by  fusing  proteids 
with  KOli,  h  occurs  in  normal  feces,  where  it  is  formed  during 
the  jnitrcfLictive  decom|Kisition  of  proteids,  which  usually  occurs,  to 
n  greatet  or  Ic^  eitlent,  in  the  aUmentar}^  canal  A  part  of  the  indol 
hMh^otbcd  into  the  circulation,  i*^  oxidized  to  indoxyl,  and  ap|>ears  in 
the  urin*  as  potassium  indoJtyl-sulphate,  llie  remnant  passes  out 
nith  the  fcrc^  It  may  be  obtained,  logelher  with  phenol  and  skatol, 
hff  «ddy  hi  ling  and  distilling  the  pro<Jiicts  of  a  somewhat  prolonged 
p'  *^  or  pancreatic  digestion  of   proteids.     Indol   passes  over 

Hi  iLstil late,  from  which  it  is  extracted  by  shaking  with  ether. 

When  the  ether  e%'a|>orates»  indol  is  left  as  an  oily  liquid.  Indol  is  a 
tsysstklUne  body,  S4iluble  in  boiling  water,  alcohol,  and  ether*  It  may 
be  dctertcd  as  follows:  A  strip  of  (line-wood,  moistened  with  HCl, 
h  cohred  a  bright  crimsj>n  when  dijijied  into  an  alcoholic  solution 
id  incfol.  The  alcoholic  s*>lulion  turns  red  when  treated  with  nitrous 
wdi.      Its  aqueous  solution  gives  a  red  precipitate  with  the  sttmc 


/ 


NH 


\, 


SkataL  metliyl-mdol,  C^H/  "*^CII,  occurs  also  in  human 

^CCH/ 
kst^  tDgrlhcr  with  indol,  being  present  in  larger  amounts  than  the 
litter.    It  h  «upi>os(*fl  iti  give  the  peculiar  fecal  tMlor.     The  ct^mhtions 
of  iti  pnjductlon  are  the  same  as  those  for  indol,  so  that  the  two  sub* 
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stances  occur  mixed  in  the  products  of  putrefactive  decompositi 
pruteids,  and  of  the  action  of  caustic  potash  upon  proteids  at  s 
temperature.    A  portion  of  the  ska  to  I  produced  in  the  intestii 


sorbed,  oxidized  to  skatoxyl,  QH^ 


/NHx 

I 


COH,  and  appea 


urine  as  potassium  skatoxyl-sulphate,  C^H^ 


Indozyl-sulphuric  acid,  QH^      ^CH 


NH^ 


^c-o-s- 

'c».    Sill 

,    is    the 


U 

rfrequently  mentioned  as  occurring  in  the  urine.  This  compC 
ot  identical  with  the  indican  found  in  plants,  which  is  a  ghi 

'It  is  in  realit>^  a  sulphuric  ester  of  Indoxyl,  CgHflNOH.  It  also 
in  urine  as  indoxyl-glycuronic  acid.  Indican  is  increased  in  corn 
animals  under  a  meal  diet,  but  is  not  increase<i  by  the  admini^ 
of  gelatin.  It  is  more  (plentiful  in  the  urine  of  herbivora  than 
nivora.  When  warmed  with  HCl  it  decomposes  into  indoxyl  a; 
potassium  sulphate. 


i 


When  indoxyl  is  oxidized  with  ferric  chloride,  hydrogen  p^ 
nitric  acid,  the  alkaline  hypochlorites,  etc.,  it  is  converted  into 
blue  (see  page  647). 


3C»H,MOH  +  O,  =  C,,H^NA  -^  *HjO- 


i 


Phenol-sulphuric  acid,  cre&ol-sulphuric  acid,  pyrocate< 
sulphuric  acid,  and  indoxyl -glycuronic  acid  are  other  a 
esters  found  in  the  urine  in  small  quantities. 

Indigo-hlue,  indigotin,  CigHj^jN^O^,  is  formed  as  above 
from  indican,  and  gives  rise  to  the  blue  color  sometimes  obse 
sweat  and  urine.  Indipfo  is  obtiiined  commercially  from  the 
of  a  plant  cultivated  in  Bengal,  Central  America,  and  Java,  th 
[gafera  Umtona.  It  occurs  in  the  plant  in  combination  mih  \ 
as  indican.  It  is  obtained  by  slow  fermentation  of  the  indican, 
crystals,  insoluble  in  water,  but  soluble  In  alcohol,  ether,  chlo 
and  benzene.  Indigo  is  sfjluble  in  strong  H^SOj.  formii 
sulphonic  acids.  The  sodium  salts  of  these  acids  are  soluble  in 
and,  when  mixed  with  sodium  sulphate,  constitute  *'indigo-ca 
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comnaerce;  and  in  the  pure  form  of  sulphindigotale  of  soda  is 
^employed  as  a  test  for  sugar  in  the  urine.  Indigo  possesses  a  pure 
blue  color,  and  leaves  a  red  streak  when  drawn  across  a  hard  body. 
Treated  with  reducing  agents  in  strongly  alkaline  solution,  it  is 
reduced  to  indigo-white,  Cj^uN^Oj.     On  exposure  to  air  the  indigo- 

»llife  again  become  indigo-blue.     This  reaction  proves  a  convenient 
ac  for  the  detection  of  indigo,  or  for  reducing  subsUinces  like  dextrose, 
idigo  is  now  manufactured  by  a  synthetic  process. 
Indigo-red  (indiniblB)  is  an  isomeric  coloring   matter  which  is 
formed   with  indigo-blue  by  the  oxidation  of  indoxyK     It  is  soluble 
Httith  a  wine-red  color  in  alcohol,  ether,  benzene,  chloroform,  and  acetic 
0Ldd.     It  may  be  detected  by  neutralizing  the  solution  with  NajCO,, 
and  shaking  out  with  ether,  evaporate  off  the  ether,  and  dissolve  the 
residue  in  alcohoL     The  alcohol  should  be  colored  red.     This  color 

t discharged  by  wanning  the  solution  with  NajC03  and  glucose. 
THE  PURIlf  BODIES. 
(AU-OXURIC    BODIES.) 
Under  the  name  of  purin  bodies  are  classed  a  considerable  num- 
r  of  rebled  bodies  found  in  the  human  tissues  and  secretions,     They 
are  of  great  interest  to  the  physician  because  of  their  supposed  relation 
lo  ihe  body  metabolism,  both  in  health  and  disease. 

They  are  all  closely  related  to  a  hypothetical  body,  ptirin ; 

tN:=CH 
K  HC    C— NH 

o  this  group  of  bodies  belong  the  following  sub^ances  found  in  the 
animal  body:  Uric  acid,  the  nuctetn  bases  adenin,  guanin,  xanthin, 
hjpoxanthin,  carnin,  methyl-xanthin,  heteroxanthin,  paraxanthin,  epi- 
guanin  and  qjisarcin*  Also,  the  alkaloids  caffeine,  theobromine,  and 
iheophylline  from  the  vegetable  world.  The  most  of  these  substances 
liaire  been  prepared  synthetically  by  E.  Fischer, 

Fischex  has  proposed  a  nomenclature  for  these  bodies  intended 
t0  designate  their  structure,  based  upon  a  system  of  numbering  the 
sition  of  the  N  and  C  atoms  in  purin ^  as  follows: 

6 


1-6 


iN  =  CH 


II      > 


aCH  sC— NH 


4^-^ 


^timbrnng  of 
ibe  Foailkms. 


8CH, 


3N  —  C— N^ 
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Their  close  relationship  is  shown  by  the  fact  that  they  may  hi 
verted,  the  one  into  the  other.  They  are  found  most  abuiidar 
conditions  where  there  is  an  accumnlation  of  leucocytes  (white  I 
cells)  in  the  btxly.  During  celi-activitVi  or  during  rapid  cell-di.sinlegi 
there  ap{>ear  in  the  cell  protoplasm  the  two  bases,  adenin  and  gua 


,      I 
Adeain  (6.  Aminopurm),  HC    G-NH  =  C^H^Ng, 


\ 


CH 


1 


closely  related  to  xanlhin  in  comjjositionj  and  was  first  obtains 

the  |>ancreat]C  tissue.     It  is  said  to  have  been  found  in  the  un 

number  of  the  above-mentioned   comj  ounds  occur  in  the  ext] 

meat.     It  has  l>een  proved  that  the  chief  virtue  ci  extract  of  i 

in  the  .stimulant  properties  of  ihc^c  ba^es. 

HN— C  =  0 

)       I 
Guanin  (2.  Amino ;  6.  Oxypurin),  HNC    C— NH       ^  CJ 

HN—C— N^*-*^ 
is  found  in  Peruvian  guano^  and  in  small  quantities  in  theaqiieoiii 

of  the  pancreas,  liver,  muscles,  and  majiy  of  the  products  of  th| 
of  acids  ujion  nuclein.     It  has  nut  Ijccn  found  in  homan  urine, 
while,  amorphous  |3owder,  in.soUiblc  in  water  ^alcohol,  ether.andan 
From  the  graphic  formulie  it  will  be  seen  that  guanin  is  app 
an  oxidation  product  of  adenin.     They  may  both,  how^ever^  be 
directly  from  the  nucleins. 

HN~CO 


Hypoxanthin{Sarcin)(6.  Oxypurin) ,  HC     C-NH^       =  Q 

II      II  ^CH 

is  cIo<;ely  related  to  guanin,  differing  from  it  in  having  lost  the  2, 
gen  group.  It  is  oho  closely  relulnl  lo  xanlhin,  with  which  it 
tjccurs  in  the  urine.  It  forms  colorless,  microscopic  crystals^ 
dissolve  in  1400  parts  of  water  at  15°  C.  (59°  F.)  and  in  70  | 
hot  water.  It  combines  with  acids,  bases,  and  some  saltSj  t 
crystalline  bodies.  At  a  boiling  temperature  an  ammoniacal  f 
of  AgNO,  throws  dow*n  a  precipitate  having  the  compositior 
AgaN|0 .  HjO,     The  cold  precipitate  is  not  constant  in  comp 

HN-CO 


Xanthin  (2.  6-  Dioxypurin)  >  OC    C-NH 


=  QH,N,0 
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St  discovered  in  urinary  calculi  and  called  xanthic  oxide.  It  is  a  nor- 
mal, though  scantj',  constituent  of  urine,  musde,  liver,  spleen,  thymus,  and 
brain  substance.  It  occurs  in  large  quantities,  together  with  h}^xan- 
tiiin,  in  *' extract  of  meat/'  and  is  alsa  found  in  traces  in  certain  vege- 
table tissues.  In  nearly  all  cases  it  is  accompanied  by  h>poxanthJn. 
It  may  be  prepared  from  extract  of  beef.  When  pure,  it  is  a  colorless 
powder,  almost  insoluble  in  water,  alcohol,  and  ether,  but  dissolves 
readily  in  diluted  acids  and  alkalies,  forming  crysiallizable  comjjounds. 
Chloride  of  zinc  and  chloride  of  calcium  give  precipitates  with  xanthin 
in  ammoniacal  solution.  Copper  acetate  gives  a  yellowish-green  color 
in  hot  aqueous  solutions.  HgCl^  gives  a  precipitate  at  room  tempera- 
tiire,  even  in  very  dilute  solutions.  Silver  nitrate  gives  a  precipitate 
of  CjH^NiOj  .  AgO  in  rather  strong  ajnmoniacal  solutions.  # 

INH-CO 
Uric  Acid  (a  •  6.  8.  Trioxypurin) ,  CO  C— NH^  =  CgH^N^O,, 
NH-C-Nir 
Is  a  common  constituent  of  urine  in  birds  and  reptiles,  and  occurs  spar- 
ingly in  this  secretion  in  men  and  most  mammals.  It  is  present  also 
in  the  spleen,  and  traces  have  been  found  in  various  other  tissu^^ 
ll  i^metimes  occurs  as  a  concretion  or  calculus  in  the  bladder  and 
kidneys.  In  gout,  accumulations  of  uric  acid  salts  de|>osil  in  certain 
tUcSj  especially  about  the  joints.  When  pure,  it  is  a  colorless,  crj^s- 
ine,  tasteless  powder  without  odor.  Its  crystalline  form  is  very 
ble,  the  shape  of  the  crystals  depending  upon  the  condition  of 
fluid  at  the  time  of  crystallization.  To  the  naked  eye  these  crystalSj 
when  separated  from  the  urine,  always  appear  reddish  or  yellow  in 
lur,and  under  the  microscope  they  appear  to  be  colored  yellow  througli- 
t.  Uric  acid  is  remarkably  insoluble  in  water,  i  part  requiring 
15,000  parts  of  cold  water  and  1600  parts  of  boiling  water  to  effect 
solution.  It  is  insoluble  in  ether  and  alcohol.  HjSO|  dissolves  it 
in  the  cold,  without  decomposition,  as  do  also  many  of  the  alkaline 
salts  and  the  caustic  alkalies.  Ammonia,  however,  does  not  dissolve 
it.  It  is  fairly  soluble  in  glycerol,  and  to  some  extent  in  solutions 
of  lithium  carbonate.  It  occurs  in  the  urine  also  in  the  form  of  the 
neutral  and  acid  urates  of  sodium,— the  btter  of  which  appears  as 
a  sediment, — -which  are  frequently  spoken  of  as  lithates*  The 
term  lithic  acid  is  sometimes  employed  instead  of  uric  acid.  In 
urine  that  has  undergone  alkaline  fermentation,  ammonium  urate  will 
frequently  be  found,  occurring  in  the  form  of  small,  brown,  nearly 
ique  balls  with  radiating  spicules,  easily  seen  with  a  microscojie 
sm»derate  power*    The  amount  of  uric  acid  in  human  urine  is  voy 
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ties,     if 


smalL  Pathologically,  it  is  found  in  considerable  quantities, 
be  prepared  from  human  urine  by  adding  from  two  to  three  per 
of  strong  HClp  and  allowing  the  solution  to  stand  for  twenty 
hours  in  a  cool  place.  The  crystals  form  on  the  sides  and  he 
of  the  containing  vessel,  and  may  be  filtered  out-  Commerciallj 
usually  prepared  Irom  gnano.  It  ts  obtained  by  boiling  with  i  pi 
KOH  to  20  of  water,  as  long  as  NH,  is  evolved,  when  the  soiuti 
filtered.  On  cooling,  CU^  is  passed  through  the  solution,  whei 
acid  urate  of  fK>tassium  precipitates.  This  salt  is  dissolv^  in  1 
and  carefully  neutralized  with  HCl,  when  the  uric  acid  precipita 
Fur  methods  of  detection  and  estimation,  see  chapter  on  Uri 
Uric  acid  contains  the  nucleus  of  two  molecules  of  urea,  a 
sfjmetimes  regarded  as  a  diureid.  In  some  of  its  decompositio 
yields  urea  as  one  of  its  pnxiucls.  Alx>ut  one-half  of  the  uri* 
produced  in  the  body  is  oxidi^eti  to  urea  and  other  substances. 
derived  from  the  xanthin  bases^  and  these  are  deri\'ed  from  ni 
or  taken  with  foods. 

Camini  dimethyl  uric  acid,  QII^^O,,  h  closety  nlHcd  m  composiilon 
alwvc  compounds.  It  otturs  in  (detract  of  meat,  of  whiLla  ii  forms  abor 
per  cent*  It  forms  in  wlilte  massed  compcjiictl  of  very  Irregukr  cp'5lals»  3 
soluble  in  hot  water^  slightly  soluble  in  cold  water,  and  insoluble  in  alcoh 
ether*  It  unites  with  atids  and  salts  to  fonn  cn*staliine  compounds.  Cami 
be  converted  into  hypojcanihin  by  treatment  with  chlorine  or  tlNO,,  or  stil 
readily  bv  bromloe. 

Methyl-xantliim,— Methyl-xanthin,  Heleroianthin  (7.  McthyUxai 
Parftianthin  (1.7.  DimelhyUxanthin),  Epiguamn  (7.  Methyl-guanin) 
Episarcin  occur  almost  exclusively  in  tirinc,  and  probably  are  derived  frc 
vegetable  pnrin  bodies,  m*>stly  from  tea,  coflee,  and  cocoa.  The  purin 
contained  in  these  beverages  are  caffeine,  thf^obromlne^  and  theophylline.  ^ 
xanthin  is  onlv  found  in  urine  after  taking  large  amounts  of  coffee  or  cocoa. 

Caffeine,  theophylline^  and  theobromine,  described  among  the  ve( 
atkabids,  belong  to  the  xanthin  bases.  Their  relation  to  these  bases  will  I 
from  their  graphic  formula;: 


NH~CO 

^  I 

CO       C-NCH^ 

TbeoInvniiDCp 


NCH,— CO 

/  I 

CO  C-NCH, 


X 


\ 


CH 


NCH-— C-N^ 

t.  3.  7.  T]iTn«tli)rl-3EantliJn. 
CoEdiie. 


CH^-CO        4 

LI  ^ 

CO  C— NH 

I      ll       Xc 

CH,N— C— N^ 

i»  3.  Diizietbylmiili 
ThMiAhyLliiic^ 


TERPENES  AlTD  CAMPHORS. 
The  terpanes  are  a  chtss  of  hydrocarbons  more  or  less  rcsein 
tuqienlme  in  physical  properties* 


Some  of  them  show  a  close 
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lionship  to  the  aromatic  hydrocarbons.  The  terpeoes  are  isomers 
or  polymers  having  the  formula  (QHJ^.  Those  having  the  formula 
Qllg  are  called  semiitrfH^nes;  those  ha\ing  the  formula  Cn^On,,  tru£ 
ter penes:  and  tho^  having  a  higher  pol}'meric  formula,  polyier penes. 
These  hydrocarbons  are  unsaturated,  and  those  of  the  formula  C,^H|^ 
may  combine  with  either  one  or  two  molecules  of  the  haloid  hydracids, 
HCl,  HBr,  HI,  or  with  two  or  four  atoms  of  bromine,  showing  that 
iheir  molecuJes  contain  either  one  or  two  double-linked  carbon  atoms. 

Many  of  the  terpenes  form  characteristic  compounds  with  nitrous 
add,  called  nitrosites,  Ci^igN^O^j  and  also  with  nitrosyl  chloride, 
NOCl,  called  nitroso-chlorides.  These  comjKJunds  arc  crystalline- 
Some  of  these  compounds  form  crj'stalline  hydrate  with  water,  espe- 
cially in  the  presence  of  dilute  nitric  acid  and  alcohol,  such  as  terpin 
hydrate.  Some  of  them  polymerize,  when  heated  under  pressure,  or 
when  shaken  with  strong  HjSO^.  Many  of  them  are  optically  active, 
and  all  have  an  antiseptic  action-  The  camphors  are  solid,  cnstal- 
line  siibstajices,  volatile  at  ordinarj*  temperatures.  They  sublime  and 
have  a  charactcrisUc  odor.  Some  of  them  are  ketons,  while  others 
are  alcohols. 

Pinene,  CjnHi^,  is  a  colorless,  transparent  liquid,  having  an  odor  re- 
sembling that  of  turpentine,  of  which  it  is  the  chief  constituent.  It  occurs 
in  many  other  essential  oils.  It  boils  at  155*^  C\  (311**  F.)  and  has  a 
sp.  gr»  of  0.85S-  Pinene  is  found  in  two  active  forms.  The  dextro- 
compound  is  found  in  American  tur[>entine  and  the  levo-compound 
in  French  turpentine, 

Limonene,  Ci^H^j,  is  a  terpene  found  in  the  oil  of  lemons,  limes, 
dtrons,  etc.  Like  pbcne,  it  is  optically  active,  and  is  found  in  dextro- 
aod  levo-fonns* 

Dipeatene^  f^i»Hnj,  is  the  inactive  form,  and  is  found  in  several 
essential  oils  and  in  turpentine. 

Volatile  or  Essential  Oils. — Volatile  oils  are  those  approximate 
princij>les  to  which,  in  the  majority  of  cases,  the  odors  of  plants  are 
due.  They  are  extremely  variable  in  comp<jsition,  but  many  of  them 
arc  composed  chiefly  of  the  terpenes.  The  principal  characteristics 
ttf  these  essential  oils  are  their  odors,  variations  in  the  rapidity  of 
lation,  and  physical  properties.     They  are  mostly  soluble  in  al- 

at,  ether,  benzene,  petroleum  naphtha,  chloroform^  carbon  disul- 
phide,  paraffin,  other  volatile  oib,  and  in  the  fixed  oib.  They  may 
be  classified  as  follows: 

I,  Oils  consisting  chiefly  of  terjjenes,  Q^Hjo,  and  their  oxidation 
products;  such  as  turpentine,  and  the  oils  of  lemon,  bergamot,  birch, 
chamomile,  caraw^ay,  hops,  juniper,  myrtle,  nutmeg,  orange,  parsley, 
savin,  thyme,  tolu,  and  valerian. 
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2.  Oils  consisting  chiefly  of  sesqui'Ler|>enes  or  cedrenes,  Ctj^H^ 
Ulcir  oxidized  products;  such  as  ihe  oils  of  cedar,  cubebs,  c 
rosewood,  calamus,  cascarilla,  and  patchouly. 

3.  Oils  consisting  chiefly  of  aromatic  aldehydes  and  allied  b 
such  as  the  oil  of  bitter  almonds  and  the  oil  ol  cinnamon. 

4.  Oils  ccnii^ibting  chielly  of  ethereal  salts  or  esters;  such 
oil  of  wintergreen  or  the  oil  of  mustard.  J 

Some  of  tKc  more  important  oib  of  classes  three  ami  four  are  dcsci 
anolher  place.  The  volatile  oils  of  which  the  hydrocarbons  form  the  tm 
Mituent,  probably  originally  consisted  of  teq^nes  or  cedrene*  only.  A^  usui 
with,  ihey  are  generally  mixtures  of  ihe  unchanged  h)'drfx:arbtiii5,  or  oleo 
with  the  solid,  oxidized ►  carnphorixed  bodies  termed  stearoptenes.  Wc  frei 
al^o,  find  more  highly  oxidized  bodies,  railed  refiins.  Oti  rooling  the  ci 
tlic  stcaropten^  often  crysiaUi^e  out.  On  distilling  the  otL%  the  monc 
hydrocarbon  first  parses  over,  and  may  thus  be  separated  from  the  oxldi^ 
[Hjrtions*  The  more  volatile  [lortion  of  the  distillate  may  be  wholly  freed  I 
o3tidi2ed  bodies  by  distilling  with  free  sodium,  and  thus  the  pure  hydi 
obiained- 

The  volatile  oils  of  plants  are  extracted: 

1.  By  pressure,  as  tne  oib  of  laurel,  lemon^  orange^  bergauiot,  etc 

2.  By  distillation  with  water,  or  with  a  current  of  steam  passed  over  ih 
to  be  extracted*     The  la  iter  method  is  the  one  most  commonly  used. 

J.  By  fii3t  fermenting  the  part  of  the  plant  to  be  extracted.  This  is 
more  especially  to  certain  seeds,  as  the  mustard,  bitter  almond,  etc.  J 
fermentation,  the  oil  formed  is  separated  by  distilling  with  water* 

4*  By  solution  in  a  fbted  oil  devoid  of  odor*  such  as  poppy  oil,  oil  of 

The  essential  oils  arc  usually  liquid  at  ordinary  temperatures,  but 
stearoptcnes  or  camphors  at  low  temperatures.  They  have,  in  most  case 
characteristic  odors,  and  a  few  have  boiling  points  which  are  somewb 
Some  volatilize  rapidly  at  ordinary  temperature^^.  The  essential  oils  are 
cnlorless  or  yellow  when  freshly  prepared,  but  darken  on  exposure  to  air, 
mately  become  sticky  and  resinous*  Some  oils  have  a  well-marked  hh 
Most  of  the  essential  oils  are  optically  active,  but  their  rotatory  powers  arc 
and  frequently  change*  The  sp.  gr.  of  essential  oils  ranges  usually  betwe 
and  0.990.  A  few%  however,  have  specific  gravities  outside  these  limi 
oxygenated  and  sulphuretted  oils,  as  the  oil  of  bitter  almonds,  wintergneen,  i 
etc.,  are  heavier  than  water* 

The  essential  oils  are  readily  combustible.  They  are  insoluble^  or  n 
in  water,  the  water  taking?  u|>.  however,  the  characteristic  smell  and  taste  of 
They  are  freely  soluble  in  alcohol,  but  arc  mostly  precipitated  on  dilution  wi 
The  separation  is  rarely,  tf  ever,  complete.  The  essential  oils  are  miscil 
proportions  with  the  fixed  oils*    Turjientine,  petroleum  ether,  and  carbf 

fihide  being  insoluble  in  ivater^  the  essential  oils  may  lie  separated  from  an 
i^uid  by  aj^talion  with  these  solvents. 

The  analysis  of  essential  oils  presents  great  difficulties.  They  are 
adulteration  w^ith  alcohol,  chlortjform,  and  turpentine. 

Altohnl  in  essential  oils  may  be  detected  by  graduaUy  adding  dry  CaCI 
ing,  and  warming  the  mixture  in  a  water-bath.  If  alcohol  is  present  \ 
proportloDs  than  mere  traces,  a  hcav>',  liquid  layer  will  be  fcjrmed  at  the  b 
the  tube.     Anil  in  led  is  insoluble  In  essential  oils  if  pure  and  free  from  alc< 
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encc  of  a  small  proportion  ol  alcohol  Ihe  addition  of  imiiin  red  colors  Ihcm 
(  deep  red* 

Chlonaform  may  be  detected  by  dissolving  the  oil  in  alrohol  and  warming  ihe 
lK|uid  with  ^tic  aJid  dilute  sulphunc  acid-  Water  ts  added «  and  die  aqueous  liquid 
i»  fcpMr^tad  and  itsxjed  for  thlorides  with  AgNOj  and  HNO,.  The  pretipitation 
ol  AgCl  fiftivcs  ibe  presence  of  chloroform  in  the  oiL 

A  lar^  number  of  volatile  oils  are  employed  in  medtcine  either  in 
m  pure  stale  or  In  ihc  form  of  saturated  aqueous  solutions,  called 
medicated  waters •    Solutions  m  alcohol,  i  in  s,  are  termed  essences. 

Turpentine,  terebinthina  (U.  S.  P,,  Br.),  is  an  ole*.>rcsi"n  exud- 
ing from  sevemi  varieties  of  the  con  if  era  family,  riolably  the  pines* 
It  b  a  yellow,  opaque,  tough  mass,  brittle  when  cald»  and  having  a 
terebtntliinaie  odor  and  t^ste.  When  turj^enlinc  is  distilled^  the  ter- 
pcfici  volatilize,  forming  oil  of  turpentine,  oleum  terebinthinae 
\V.  S.  P,),  or  spirits  of  turpentine,  while  rosing  or  colophony, 
reiiiftms  in  tJie  still.  Oil  of  turpentine  is  a 'mobile,  colorless  liquid, 
wM%  m  sp,  gr.  of  0.860  to  0,870  at  25^  C.  (77^  F.),  and  boiling  at  160^ 
C  (jao^  F.)-  It  is  almost  insoluble  in  water,  but  dissolves  in  alcohol^ 
etbcr,  and  glacial  acetic  acid.  It  disst:>lve5  sulpbur,  resins,  and  phos- 
pbcirus.  It  absorb®  oxygen  from  the  air,  forming  a  resinous  body. 
The  absorbed  oxy^gen  is  convertcii  into  ozone,  and  this  explains  its 
oxidfxing,  disinfectant,  and  antiseptic  action.  As  the  oxidation  of  tur- 
nentinc  Lakes  place  more  rapidly  when  mixed  with  lead  oxide,  this  oxide 
IS  uften  mixed  with  the  turpentine*  in  paints^  to  increase  the  rapidity 
€if  drying*     II  rea^lily  attacks  lead,  but  not  tin. 

A  paper  dipped  in  turpentine  and  inln>clured  into  a  jar  of  chlorine 
tts  inflames  s|K)ntancously,  forming  chlorine  substitution  products. 
Iodine  and  bromine  have  a  similar  action  uiK>n  it.  It  unites  directly 
Wbh  H(M.  jiriidycing  sevenil  chlorides* 

OL  terebintliijiae  rectificatum  (U.  S.  P;)  isprcy>arcd  by  shaking  the 
cumniefcial  01!  with  an  equal  volume  of  solution  of  NaOH  and  distilling 
Uie  tuqjcnf  inc  imt  of  the  mixture.     This  is  intendc*!  fnr  internal  use. 

Sulphuric  acid  acts  vioUmlly  up<m  turyienline,  and  yields  a  number 
C'f :  '    .1  ml  i>olymeric  derivatives.    After  stand fnf,'  twenty  four  hours, 

U\<  X  ;^parates  into  two  layers.     The  ujjper  layer  distils  at  alxiut 

150"  i\  i4H2'^  F.),  yieldini^  a  mobile  lif[uid,  which,  when  ininhed  by 
longer  contact  with  HjSO^,  and  then  with  a  stjlutifin  of  NaOH,  ami  re* 
diailled,  may  lie  sqia rated  into  terebenc,  C„H,n,  ColopheQe^  and  several 
othcf  poI}7ners.     The^e  comjTounds  are  used  in  mc<licine. 

Terebene,  terebenum  {V.  S,  P.),  has  a  fine,  thyme-tike  odor, 
and  b  optically  inactive,  In  density  and  other  res[)€cts  it  much  re- 
lur|icfUine.  It  h  a  liquid  consisting  chidly  of  pinene,  with 
quantities  o(  teq^inene  and  di{>cntenc.    Terebcne,  when  pure. 
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b  a  colorless  or  yellowish  oily  liquid.     It  is  readily  soluble 
less  so  tn  alcohol^  and  almost  insoluble  in  water.     It  has  been  u; 
oedicine  as  an  exf>ertorantp  in  doses  of  from  four  to  six  minimi 
as  a  local  remedy. 

Terpin  Hydrate,  Terpini  Hydras  (U.  S.  P.).— On  leaving 
lurjjentine  in  contact  with  the  air  for  stime  lime,  it  gradually  ch 
itilo  terpin  hydra tCj  Ci(jHjj,(OH)j .  (HjO).  This  body  is  mone 
obtained  by  agitating,  for  a  day  or  two,  a  mixture  of  eight  parts  i 
pen  tine  and  two  of  nitric  acid,  previously  diluted  with  alcohoL  1 
hydrate  occurs  in  large,  rhombic  crj-stals.  It  is  easily  soluble  in  a 
(lo  parts),. slightly  soluble  in  water  (250  parts),  and  sparingly 
chloroform,  carlx>n  disulphide,  and  ether.  Il  melts  at  r  t6°  C,  gi 
water,  and  is  converted  into  anhydrous  terpin,  CiftH,g(OH)^.  It  is 
talline  l>ody,  fusing  at  105"^  C,  and  subliming  at  abtmt  250''  C.  (48 

It  rapidly  absorbs  water  to  form  terpin  hydrate,  which  behav 
a  diatamic  alcohol.  It  is  dehydrated  by  V^O^  and  converte 
tcreliene  and  colophene.  It  is  employed  in  medicine  as  an  ei 
rantj  in  doses  of  from  two  to  three  grains.  It  may  be  given  in  a 
doses  as  twenty  to  thirty  grains. 

Terpiaob — By  boiling  together  terpin  and  water,  acidylated  with  si 
acid,  tcrpinol  i*  obtained.  It  may  be  formed  from  lurpcniine  by  leaving  ji 
tact  with  concentraled  hydrochloric  acid»  or  by  jaassing  HCl  gas  through  a 
of  terpin  in  alcohol  and  ether.  By  Ireallng  the  resulting  tere  bin  thine  dihyi 
ride  with  boiling  water,  or  with  a  solution  of  KOHf  it  decomposes,  vith  th« 
lion  of  terpinol. 

I  Terpinol  occurs  as  a  colorless,  oily  liquid,  having  a  sp*  gr,  of  0.85*,  a 
An  odor  resembling  rosamin  or  hyacinths*  Terpinol  is  not  a  single  bcM^ 
said  lo  be  a  mixture  of  kr^inen^,  itT^ino*€nef  and  dipentenef — ^all  having  tfafl 
CnjH,^,— and  an  alcohol  called  terpint&li  C^WyjOH.  ^3 

Tcrpinol  is  soluble  in  alcohol  and  ether,  but  insoluble  in  water.  It  h 
employed  in  medicine  as  an  cxpeciorani,  in  doses  of  from  lo  to  15  minims  (6c 
niilligranis).  , 

THE  CAMPHORS,  ^ 

The  aimphors  are  a  class  of  white,  odorous,  \^obli!e  ox  if  la  Hoi 
ucts,  or  stearoj)tenes,  mostly  derived  from  the  tcrpcnes.  St 
ihcm,  Japan  camphon  and  carvol,  Ci^Hj^O,  are  ketons,  while  r 
them  are  alcohols.  The  most  im[>ortant  camphors  are  the  foil 
Conmion  Japan  camphor,  camphora  (U.  S.  P.,  Bn),  C, 
is  obtained  In  China  and  Japan  by  distilling  the  branches  and 
of  Laurm  camphora  with  water.  It  is  a  white,  translucent,  cryi 
tnasSt  having  a  powerful,  peculiar,  pungent  odor  and  taste*  It  is 
purified  by  sublimation  at  205°  C.  (401^  F.)-  It  melts  at  1 
(347'*  ^)  ^"*^  burns  with  a  smoky  flame.  Camphor  is  very  s 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  acetic 
benzene,  chJoruform,  carbon  disulphidc,  fixed  and  essential  oils. 
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ipharae  and  spiritus  camphors  arc  official.  Camphor  enters 
to  the  composition  of  Unimentum  camphors,  linlmeiitum  sa- 

~  ,  and  tinctura  opii  camphorata. 

Camphor  forms  a  large  number  of  decomposition  products  and 
rivalives  under  the  action  of  reagents,  but  we  shall  notice  but  two 
of  these.  Camphoric  acid,  acidum  caniphoriciim  (U.  S-  P.),  C,H|<- 
(COOH)a,  is  a  colorless,  odorless,  crj-^stalJine  solid,  obtained  by  the  oxi- 
dation  of  camphor. 

Camphor  monobromide,  camphom  monohromata  (U.  S.  P.), 

'^   BrOp  is  prepared  by  adding  bromine  to  a  solution  of  camphor 

chjorofonnj  by  which  camphor  dibromide  is  obtained.  This  com- 
und  is  unstable,  and,  on  standing,  sets  free  hydrobromic  acid  and 
forms  monobromated  camphor,  which  crystallizes  in  colorless,  pris- 
matic needles  or  scales,  permanent  in  the  air,  having  a  mild,  cam- 
phoraceous  odor  and  taste  and  a  neutral  reaction.  Its  solvents  are 
^senttally  the  same  as  those  of  camphor.  It  melts  at  76^  C*  (168.8° 
F,),  boils  at  274°  C.  (525°  F.),  and  is  %olatilized  with  partial  decom- 
posilton.     It  is  used  as  a  sedative,  cardiac  stimulant,  etc. 

Bomeol,  or  Borneo  camphor,  has  the  formula  CjoHi^OR  Iso- 
meric with  bomeol  are  linalool  and  geraniol. 

Menthol  (U.  S.  P.,  Br),  or  menthyl  alcohol,  C^^j^O,  is  a  white, 

^lid,  cry'staltine  body,  occurring  in  oil  of  peppermint  and  possessing 

strong  odor  of  this  plant.    It  melts  at  43°  C.  (1094^  F.)  and  boils  at 

21 2**  C»  (413.6°  F.).     Menthol  is  soluble  in  alcohol  and  the  essential  oils- 

Thymol^  €,^11^0  (U.  S.  P.,  Bn),  is  a  stearoptene  of  oil  of  thyme. 
It  b  also  found  in  the  oil  of  horsemint.  It  is  a  white,  cr>*stalhne  sc»lid 
resembling  camphor.  It  is  nearly  insoluble  in  water,  but  soluble  in 
aloohoL  A  solution  of  four  grains  of  thymol  to  the  ounce  of  alcohol 
h  miscible  with  water  in  all  proportions.  It  is  an  excellent  antifer- 
entative  (see  under  phenols), 

Linaloolf  Cj^j^OH,  b  a  monatomic  alcohol  found  either  free,  or 

an  ether,  in  oil  of  lavender,  bergamot,  spike,  coriander,  and  lanaloL 
II  is  a  colorless,  fragrant  Hquidi  of  sp.  gr.  0.87 S  and  boiling  at  197°  C, 
(386.6^  F  ). 

Geraniol,  or  Citral,  C,^^,„0,  is  the  chief  constituent  of  Turkish 
geramum  oil,  and  Is  found  in  oil  of  rose,  oil  of  citronella,  oil  of  laven- 
der, and  oil  of  eucalyptus*  It  is  a  colorless  liquid,  with  a  fragrant,  rose- 
like odor,  boiling  at  230°  C.  (446°  F.). 

Eocalyptol,  CtoH,gO,  is  a  colorless  liquid,  boiling  at  175°  C. 
(347°  F.)  and  possessing  an  aromatic  odor.  It  is  contained  in  the 
kav^es  of  the  Euc4iiyptiis  globulus^  a  tree  growing  in  Tasmania*  On 
iCCDunt  of  its  supposed  effect  upon  miasmatic  atmospheres,  it  has 
been  oJtivated  in  southern  Europe,  the  United  States,  and  northern 
2P 
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Africa,  By  dbdlling  eucalyptol  with  phosphorus  pentachloi 
eucalyptiOi  C,jH,ji  (according  to  some  authors,  Cj^^Hj^),  h  obt 
EucuIy|itol  h  slightly  solubk  in  water,  but  scduble  in  aJcohol, 
oil  has  feeble  anliseplk  pro  perl  les,  and  hiis  been  used  in  bron 
cystitis,  and  in  intermittent  fever. 

Cantharidin,  CjaUtaO^,  U  the  active  principle  of  cantharic 
Spanish  fly^  and  of  other  vesicatmg  insects.  It  has  many  of  the 
eriies  of  camphor*  When  pure,  it  forms  four-sided  prisms,  bi 
quentiy  deposits  in  scales  of  micaceous  appearance.  It  melts  at 
200°  C.  (392*^  F.},  and  sublimes  in  white  flakes,  which  strong 
tate  the  eyes,  nose,  and  mouth,  and  condense  in  lustrous,  recta 
prisms,  Cantharidin  has  feeble  acid  properties.  It  is  insoK 
water,  but  disMiIves  in  caustic  alkalis  to  form  canlharidates. 

Caoutchouc f  or  india-rubber,  is  the  dried,  milky  juice  of 
tropical  trees  of  the  Hevea  s]>ecies.  The  fre^^^h  juice  is  acid, 
a  mixture  of  several  hydrocarbons  which  are  insoluble  in  alcot 
water,  but  soluble  in  ether,  benzene,  chloroform,  carbon  disu 
and  turpentine.  When  cx>Id,  it  is  hard  and  tough,  but  on  heat  in 
comes  soft,  elastic,  and  finally  meltSj  and  on  cooling  remains  sa 
viscid.  It  is  much  used  in  making  elastic,  waterproof  fabrics, 
tubing,  etc,  and  is  acted  upon  by  but  few  reagents.  The  blac 
of  the  commercial  article  is  due  to  smoke  and  partial  decompose 

Caoutchouc  combines  with  sulphur*  Vulcanized  india-ru 
obtained  by  mixing  it  intimately  with  sulphur,  by  the  aid  of 
disulphide,  to  the  extent  of  two  or  three  per  cent.,  and  af 
heating.  Common  white-rubber  goods,  as  rubber  tubing,  m 
also  mixt*d  with  oxide  of  zinc  and  other  impurities  to  a  vj 
extent,  in  some  cases  but  a  small  percentage  of  rubber  beiri 
When  mixed  with  about  half  its  weight  of  sulphur,  a  hard 
mass  called  vulcanite,  or  ebonite,  is  produced,  which  is 
the  manufacture  of  combs,  cheap  jewelry,  etc.  When  heated 
chouc  decomposes,  but  does  not  volatifiiie. 

Gutta-percba  is  the  hardened,  milky  juice  of  Isanandra 
tree  growing  in  some  parts  of  India.     It  resembles  caoutcho 
is  harder  and  less  elastic.     In  hot  water  it  becomes  quite  Bt 
can  be  molded  into  any  shape,  which  it  retains  on  cooling 
solvents  and  high  temperatures  it  behaves  like  caoutchouc,    i 

RESmS,  OLEORESmS,  GUM-RESDfS,  BALSAMS. 

Many  of  the  bodies  f>f  the  terpene  and  essential-oil  serie 
mentioned,  when  exposed  to  the  air,  undergo  a  process  of  01 
or  hardening,  become  viscid  or  solid,  and  exhibit  an  acid  reactii 

Such  bodies,  when  brittle  and  solid,  are  called  resins;  whe 
j>osed  of  unoxidized  oils  mixed  with  resins,  they  are  called  oleo 
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D  the  resins  exist  in  the  juices  of  plants  mixed  with  gum^  sugar, 
they  are  called  gum- resins.  Each  one  of  these  is  generally 
mixture  of  severdl  bodies,  and,  therefore,  no  definite  chemical 
fonnuls  can  be  given.  They  are  insoluble  in  water,  but  soluble  in 
strong  alcohol,  tur|)ent[ne,  and  glycerol;  many  are  soluble  in  ether 
and  benzene  (separation  from  gums);  many  are  weak  acids,  whose 
alkaline  salts  form  the  resin  soaps  of  the  market.  ^lany  resins  are 
used  in  medicine^  in  the  manufacture  of  varnishes,  sealing  wax,  and 
^ves*     The  resins  are  soluble  in  alcohoL 

The  resins  soften  when  healed,  but  do  not  vaporize.  The  separa- 
I  tion  of  resins  from  volitfle  oils  and  acids  is  effected  by  distillation 
^^Itii  water;  from  gums,  by  fusion  and  straining  at  loo^  C.  (212° 
^^K.);  from  each  other,  as  well  as  from  foreign  substances,  by  properly 
^Hlected  saivents. 

^H    The  ful lowing  substances  are  classed  as  resins: 
^^     Amber,  colophony  (rosin),  copal  (anime),  dammar^  lac.  Burgundy 
pitch,  mastic,  and  s^mdarac,  which  are  used  in  the  arts  for  making 
¥ambh,  and  for  other  purposes. 

The  following  are  some  of  the  resinous  substances  used  in  medi- 
cine: Amicin,  from  arnica  flowers;  castor  in,  from  castoreum; 
cannabin,  from  Ca^fuibh  indica;  dragon's  blood,  an  exudation 
from  the  fruit  of  Calamus  draco;  elemi^  a  resin  from  Central  Amer- 
ica,  an  exudation  from  the  Amyris  dcmijera;  a  resin  found  in  ergot 
of  lye;  gtiaiacum,  an  exudation  from  the  wood  of  the  Guamcum 
&jp€ifmk;  Jalap,  the  resin  of  jalap  root;  labdannm,  an  exudation 
from  the  bark  of  several  varieties  of  the  Cist  us,  grown  in  Greece; 
podophyllin^  from  the  May  apple  root;  pjretimnn,  from  pellitory 
root;  and  rottlerin,  from  the  kamala^  a  shrub  grown  in  ihe  East  Indies. 

Gum-dammar  is  the  exuded  and  hardened  sap  of  the  Dammara 
menl^ihs^  a  coniferous  tree  growing  in  ibe  East  Indies,  Austral ia^  and 
New  Zealand.     It  is  also  used  in  the  manufacture  of  varnish. 

Gtim-lac  is  a  resinous  incruslatbn  produced  on  the  bark  of  the  twigs 
of  i-arious  tropical  trees  by  the  puncture  of  the  "lac  insect."  This 
crude  gum  h  called  **  slick  lac*'  in  commerce.  Shell-lac,  or  shellac, 
is  formed  by  melting,  straining,  and  drying  it  in  thin  sheets. 

In  the  prc|iarLition  of  shellac  the  coloring  matter  b  separated,  and 
Is  sold  under  the  name  of  lac  dje, 

Shellac  is  ^sily  soluble  in  alcohol.  It  is  used  extensively  in  the 
manufacture  of  varnish,  lacquers,  sealing  wax,  etc. 

Mastic  is  an  exudation  from  the  bark  of  certain  trees  found  in 
the  island  of  Chios  in  the  Mediterranean.  It  i>ccurs  in  pale-yellow, 
transparent,  brittle  tears,  soluble  in  alcohol  and  turpentine,  and  is 
uMxI  for  making  varnish.  It  Is  oflicial,  and  enters  into  pilulae  aloes 
et  mastiches. 
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Gtiaiacum  is  a  briukp  puherl^able  soHU,  of  a  reddl: 
color*  Thi*  gum  dissolves  in  alcohol.  It  readily  undergoes  oxid 
producing  bright  colors.  A  mijcture  of  the  official  tincture  and 
tuq>enline  is  frequently  employed  as  a  reagent  for  detecting  bk 
urine,  with  which  it  strikes  a  blue  color.  J| 

Only  the  most  common  resins  can  be  described.  " 

Common  resin,  rosin,  colophony,  resina  (U.  S.  P.), 
residue  left  by  distilling  ihe  biilsam  or  crude  turpentine  of  th* 
with  water.  Turpentine  distils  off  and  leaves  a  yellow  or  1 
brittle^  shining  mass,  which,  when  melled,  forms  the  commercial 
It  usually  has  a  sp.  gr,  of  about  i  .04  to  i .  10.  It  is  nearly  tai 
but  leaves  a  characteristic  nauseous  after-taste.  It  is  insolu 
water,  but  is  soluble  in  alcohol,  ether,  chloroform,  and  in  th< 
and  volatile  oils.  It  is  soluble  in  ciiustic,  and  even  in  carb 
alkalies,  forming  soaps  soluble  in  water.  Colophony  is  con 
chiefly  of  several  resin  acids,  the  chief  of  which  is  abietic  aci 
Ha|0^.    Sylvic  acid,  Cj^^HjiiOj,  exists  in  small  quantities. 

It  may  be  detected  in  mixtures  by  boiling  5  gm.  of  the  z 
with  20  c.c.  of  pure  nitric  acid,  diluting  when  cold  with  an  eqi 
ume  of  water,  and  adding  am^raonia.  If  rosin  be  present,  a  blc 
solution  is  produced.  Rosin  is  used  in  the  manufacture  of  vaj 
sealing-wax,  lamp-black,  the  common  yellow  soaps,  cerates,  and  p 

Copal,  or  anlme,  is  a  yellow,  hard,  brittle,  more  or  less  t] 
rent  solid,  found  on  the  coast  of  Africa,  where  it  Is  dug  out  of 
by  the  natives.    It  is  a  fossil  resin  of  recent  origin.    It  is  ver 
and  soluble  with  great  difficulty  in  alcohol  and  essential  oils.     It 
the  best  resin  varnishes. 

Amber  is  also  a  fossil  resin ^  found  on  the  shores  of  the  B 
Prussia.  It  is  a  very  hard,  tough,  and  transparent  or  Irac 
yellow  solid.  It  is  used  for  making  beads,  mouthpieces  of 
and  for  the  manufacture  of  superior  varnish, 

Oleoresins  are  mixtures  consisting  of  an  oil,  either  fixed  c 
tile,  holding  resin  and  sometimes  other  substances  in  solution. 
are  generally  soluble  in  ether,  and  on  evaporation  of  the  eth 
are  left  in  a  semifluid  state.  On  distillation  they  yield  an  01! 
the  resin  is  left  behind. 

The  best-known  oleoresins  are  the  oleoresins  of  aspidiun 
fern),  capsicum,  cubcb,  copaiba,  lupulin,  pepper,  ginger,  f 
cense,  Canada  balsam,  and  Canada  pitch.  They  are  usually  ea 
from  the  plants  with  etbylic  ether,  using  150  parts  of  ether  : 
parts  of  the  plant.  {U.  S.  P.  method.)  The  ether  is  then  t 
off  and  the  oleoresin  kept  in  a  well -stoppered  bottle. 

The  principal  gum*resins  are  aloes,  ammoniacum,  as 
myrrh,  scammony,  gamboge,  galbanum,  olibanum,  and  cuphc 
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An  but  the  last  are  official.  They  occur  in  commerce  mostly  as  com- 
pact masses  of  a  yellow  or  brown  color,  composed  of  tears  glued  to- 
gether into  a  hardened,  gummy  mass. 

They  are  usually  brittle  enough  to  be  pulverized,  and  are  partly 
ai^ble  in  alcohol  or  ether.  When  rubbed  with  water  in  a  mortar, 
they  form  milk-white  emulsions.  The  most  of  them  are  soluble  in 
caustic  alkalies. 

Gum-benzoin,  benzoinum  (U.  S.  P.),  is  a  balsamic  resin,  and 
occurs  as  rectangular  blocks,  which  consist  of  milk-white  tears  agglu- 
tinated by  a  brown  resin.  It  has  a  pleasant,  balsamic  odor,  and 
is  soluble  in  alcohol,  forming  tincture  of  benzoin.  It  contains  from 
twdve  to  twenty  per  cent,  of  benzoic  acid,  which  can  be  sublimed 
from  it  by  a  gentle  heat.  It  usually  contains  a  small  quantity  of  cin- 
namic  acid  and  sometimes  vanillin.    It  contains  several  resins. 

The  chief  balsams  are  balsams  of  Peru,  storax,  and  tolu. 

Balsams  of  Peru,  storax,  and  tolu  contain  cinnamic  ethers,  resinous 
matter,  and  volatile  oils.  Benzoic  acid  is  found  in  balsams  of  Peru 
tolu. 

They  are  all  soluble  in  alcohol. 


ARTIFICIAL  ORGANIC  BASES. 
The  most  of  these  bases  may  be  regarded  as  aromatic  hydrocarbons, 
in  which  one  nitrogen  atom  has  taken  the  place  of  the  triad  group 

The  following  graphic  formulae  will  show  the  relation  of  these  bases 
ki  the  corresponding  hydrocarbons: 
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The  PyridiJi  Bases,— These  artificial  bases  are  produced 
decomf)osition  oi  bunt' -gelatin,  or  ossein,  in  ihe  de!>tructive  d 
tian  of  bones,  Tbey  form  a  series  of  homologous  bases  whid 
received  the  name  of  pyridin  bases.  Some  of  them  have  aim 
found  in  coal-tar.  They  are  liquids  of  a  disagreeable,  pungeni 
odor,  and  belong  to  the  tertiary  monamins*  They  m^iy  be  exj 
from  the  offensive  oil  known  as  Dippel's  oil,  obtained  from  the 
lation  of  bones.  On  shaking  the  oil  \vith  H,SO^,  sulphates  of  ih 
are  produced  %vbirh  dis^solve  in  water.  The  bases  may  be  s€| 
again  on  adding  potash  or  soda.  They  are  separated  from  one  ^ 
by  fractional  distillation.  The  pyridin  bases  are  often  present  i 
mercial  ammonia*  Their  names,  formulsej  and  boiling  points 
foJlows: 


Pyridin,  CsH.N,   iis^C  (^39*  ^0 

Pkr^lin,  C,H,N,  i^fC.  (271*^  R) 

Leutidin,  C^H^N,   154°  C.  (j^^^  F,) 

Collidin,  C„H^,N.  170=0  (338"  F-) 


Parvolin,  C,H„N.    iSS^C  {$i 

Coridin,  C,oH,jN.  iii^C.  (41 

Rubidifi,  C,iH,tN,  2^oT,  (44 

Vrndin,  C.^H^jN,  251°  C.  {4* 


Pyridin  is  found  in  coal-tar  and  also  in  Dippd*s  oil,  and 
obtained  synthetically  from  piperidin,  which  is  itself  derivet 
black  and  white  pepper.  It  may  be  prejmred  synthetically  by  j 
l>er  of  reactions.  It  is  a  colorless  liquid  with  a  tarry  odor  am 
gent  taste.  It  is  miscible  with  water  in  all  proportions,  and  is 
scopic.  It  forms  salts  with  acids  by  direct  addition,  like  the  all 
and,  indeed,  many  of  the  alkaloids  are  believed  to  be  s^iKs  of  thi 
It  has  been  employed  in  medicine,  in  3-  to  4-drop  doses,  as  i 
stimulant.  It  has  been  used  as  a  local  application  in  diphtherii 
by  evapt^ration  into  the  air,  in  the  treatment  of  asthma.  For  me 
uses,  it  should  not  be  aUered  by  exix>sure  to  light.  Pyridin  basej 
in  tobacco-smoke. 

Pyrrolj  C^H^N,  k  a  weak  liquid  base  occurring  in  coal-tar  and  i 
pel's  oil,  from  which  it  may  l^e  extracted  by  shaking  with  sulphur 
and  distilling  from  the  sulphate  with  a  stronger  base.  It  reiiembh 
zene  in  properties.    It  is  a  cyclic  compound  containing  but  foi 
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It  possesses  an  odor  simikr  to  that  of 


HC=CH 
m  atoms,       |  >NH. 

HC=CH 
anoform.     By  the  action  of  the  ethereal  salts  of  iodine  upon  pyrrol, 
IC  =  CI 
W  tetra-iodo-pyrrolp      |         >NH,  is  obtamed.    This  compound  is 

IC  =  CI 

used  in  medicine  under  the  name  of  iodol,  iodolum  (U»S,  P.). 
lodol  occurs  as  a  grayish -brown,  odorless,  tasteless  powder.     It  is 
a  light-yeUi3w  color  when  pure,  and  is  more  or  less  crj^stalline.     It 
mpos^  between  140^  and  150°  C,  (284*^  and  302"^  F.)  and  evolves 
^ipors.     it  is  soluble  in  alcohol  and  ether,  but  is  sparingly  so 
water, 

HoMologues   of   Pyridio. — Three    isomeric   methyl-pyridins  are 
*wn  under  the  name  of  picolinS|    and  are  found  in  coal  tar,     fi- 
:hyl*pyTidin  may  be  prepared   by  distilling  strychnine  with  lime. 
I  is  a  liquid  of  unpleasant  pungent  odor.     Dimethyl-p^Tidin,  C^Hj- 
CHJ^;      trimethyl-pyridin,      CsHjCCHjJ^;     ethyl  pyiidin,     C^H, 
l(C,lCi}N,     and     propyl-p^ridin,     CjH/CjH,)^,     are    also     known. 
PjTidin,  like  benzene,   is  capable  of  taking  up  six    more   hydrogen 
Atoms,    forming    hexah yd ro-pvxid in,   or   piperidin,  CjHijN,  a    color- 
liquid  having  a  peculiar,  peppery  odor.     It  is  a  strong  base  and 
rms  a  series  of  cr}'stalline  salts,     Piperidin  may  be  obtained,  along 
with  piperic  acid,  by  treating  piperine  from  pepper  with  an  alcoholic 
jotution  of  KOH, 

I       Coniinej  CgHio(C|^Hj)N,  is  pfopyl-piperidin.     Nicotine  is  formed 
from  one  molecule  of  pyridin  and  one  of  pyrrol. 

The  following  graphic  formula;  show  the  relation  between  pyridin^ 
piperidin,  coniine,  and  nicotine: 
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arc  generally  soluble  in  water.  Their  hydrochlorides  form 
ine  double  salts  with  ihe  chlorides  of  gold,  pkHnum,  mercury, 
:c.  Most  of  them  are  precipitated  by  solutions  of  tannin,  the  double 
iodide  of  potassium  and  mercury,  the  double  iodide  of  pxitassium 
and  cadmium,  and  double  iodide  of  potassium  and  bismuth;  by  phos- 
phomolybdic,  phospho-antimonic,  pbospho  lungs  tic,  and  picric  acids, 
and  by  a  solution  of  iodine  in  potassium  iodide  or  hydriodic  acid* 
These  reagents  are,  therefore,  used  to  separate  the  alkaloids  from 
otber  substances  found  with  them.  By  treating  these  precipitates 
with  an  allealine  hydroxide,  the  bases  are  separated.  They  may  then 
be  dissolved  out  from  other  substances  with  alcohol 

Geaeml  Properties  of  the  Natural  Alkaloids.— The  true  vege- 
table alkaloids,  or  plant  bases,  are  ver>"  numerous.  Many  of  them 
are  imperfecdy  known,  while  others  have  been  studied  very  com- 
pletely. The  alkaloids  are  generally  found  in  all  parts  of  plants, 
though  in  some  cases  they  are  restricted  to  certain  fjortions.  The 
vegetable  alkaloids  are  in  many  cases  intensely  poisonous,  wbfle  others, 
as  ihe  alkaloids  of  coffee,  cocoa,  and  cinchona,  produce  character- 
istic physiological  effects,  but  are  not  actively  poisonous.  They  gen- 
erally have  a  bitter  taste,  are  optically  active,  and  generally  levo- 
rotatory*.  Most  of  them  are  solid  at  ordinary  temperatures.  The  non- 
ox^rg^nized,  vobtile  bases  are  liquids.  The  volatile,  liquid  alkaloids 
are  coniine,  lobeline,  nicotine,  piperidine,  piturine,  and  simrteine. 
The  alkaloids  are  alkaline  in  reaction.  They  unite  with  acids  to  perfect 
neutrality,  and  form  well  defined,  cry s tall izable  salts*  In  some  cases 
the  basic  character  is  feeble,  and  even  the  salts  with  the  stronger  acids 
are  easily  decomposed.  As  a  rule,  the  vegetable  alkaloids,  except 
the  volatile  bases,  are  sparingly  soluble  in  water,  and  are,  therefore, 
lly  precipitated  by  the  addition  of  a  solution  of  a  base  to  a  solu- 

n  of  their  salts*  They  are  all  readily  dissolved  by  alcohol,  except 
rheadine  and  pieudomorphine. 

The  salts  of  the  alkaloids  are  generally  more  soluble  in  water  than 

bases  them.selves,  and,  as  a  rule^  are  soluble  in  alcohoL  As  a  rule, 
the  alkaloids  form  a  class  of  double  salts^ — i.  e.^  chloro-platinates,  mercur- 
iodi^Jes,  etc.— with  platinic  chloride  and  mercuric  ioiiide.  Immiscible 
solvents,  such  as  chloroform,  amyl-alcohol,  ether,  benzene,  and  bisul* 
phide  of  carbon,  differ  considerably  in  their  solvent  powers  for  alka- 
lalds  and  alkaloidal  salts. 

nomenclature  of  Alkaloids,— WTiile  there  is  a  ^reat  deal  to  be 
said  in  favor  of  the  reform  in  sjiclling  of  many  chemical  terms,  and 
while  we  have  adopted  the  practice  of  dropping  the  final  e  in  the  arti- 
ficial bases,  amids,  amins,  etc.,  we  shall  retain  the  final  €  in  the  spell- 
ig  of  the  names  of  the  vegetable  alkaloids.    The  alkaloids,  being 
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It  can  not  be  diluted^  but  is  appl|f:&blc  to  solutioos  of  alkabJds  ftro^gty 

Plftdxiic  chloride  aad  auric  chloride  arc  frequently  employed  lo  pfedpitate 

iUoids  ^nd  to  dktmguish  theru  from  other  bitter  principles,     PJatimc  piedpitaies 

buve  a  ytllow  or  yellowish-red  color.  The  gpkt  precipitates  of  a  Dumber  of  the 
mUcalotds  blacken,  by  reduction,  on  s Landing. 

Color-reactions. — Many  of  tbe  alkaloids  give  characteristic  colors^,  when  in 
the  pttre  slate,  by  treatment  with  certain  rea^nts.     These  coior-reactioiis  are  sub- 
*^nct  to  variations,  due  to  slight  impundcs,  concentration,  temperature,  and  time 
\  c&aiajcL     Color-reactions  are,  therefore^  confirmatory  rather  than  conclusive,  and 
]  alw:&y5  be  confirmed  by  contrt>l  tests  upon  a  portion  known  to  be  the  alkaloid 
tioQ.     The  reagents  that  are  employed  to  give  color-tests  are:    (i)  Con- 
ted  stilpliiiric  acid  ;  {2)  Frohde^s  reagent,  concentraied  sulphuric  acid, 
oontaining  molybiic  anid  (i  mgm,  molvlxlic  acio  to  i  ex.  H^SOJ;  ij)  nitric  add, 
sp.jr.  1.40  to  1.43;  (4)  sulphtuic  acid,  followed  by  a  minute  quantity  of  HlfOj 
or  KIO,;   (5)  aulphuric  acid  and  cane-sttgar.     The  dry  substance  to  be  testej  1 
is  mixed  ivith  st.x  parts  of  cane-sugar  and  a  few  milUgran|s  of  the  mixtiuie  place4  * 
upon  a  drop  or  two  of  pure  HjSO^  on  a  white  plate. 

The  colors  ^ven  by  a  number  of  the  most  im|xirtanl  alkaloids,  with  some  of 
these  rea^nts,  will  be  found  in  a  table  on  pages  4G0-462. 

Separation  of  Alkaloids. — The  vegetible  substance,   the  sced^ 

bark,   (*  leaf,   h  first   dismtegraled   and  extracted   thoroughly  with 

lightly  acidulated  water,  which  dissolves  out  the  alkaloidal  salt.    This 

then  treated  by  a  special  process  for  each  alkaloid.     The  volatile 

Joids  are  recovered  from   the  solution,  after  the  addition  of  an 

Pmlkali,    by  distillation.     Non-volatile    alkaloids   may   be   precipitated 

&Dm  an  add  solution  by  an  alkali,  and  the  impure  base  thus  obtained 

may  be  filtered  out  and  dissolved  in  acids^  and  purified  by  recryslal- 

li^tion.    Or,  the  precipitated  alkaloids  may  be  dissolved  in  alcohol, 

I  in  which  they  are  generally  soluble,  and  the  alcohol  evaporated  off. 
Id  some  cas^  alcohol  is  employed  for  the  extraction  of  alkaloids,  as 
most  of  the  alkaloids  and  alkaloidal  salts  are  soluble  in  alcohol. 

The  separation  and  detection  of  alkaloids  in  organic  mixtures,  es- 
pecially when  present  In  small  quantities,  require  an  expenditure  of 
k considerable  time  and  patience.  When  it  is  undertaken  in  toxico- 
logical  examinations,  it  should  only  be  by  an  expert  who  has  made 
^tmself  thoroughly  familiar  with  the  minutest  details  of  the  work.  It 
ihiiuld  not  be  undertaken  by  any  one  without  an  adequate  feeling  of 
his  rc.^pinsibility.  The  general  method  employed  in  such  cases  is^ 
In  Dutltne,  as  follows: 

First.  The  substance  to  be  ejtamincd  is  properly  dinded,  or  didntegratcdt  and 
^^dweslod  at  about  from  40*  to  50*  C.  (iqa^  to  1 72  F.),  with  water  slightly  acidulated 
^^BpSIi  HgSO^.  After  this  digestion  the  solution  h  filtered  and  the  fihrate  evaporated 
^^bwer  m  waier-bath  to  a  thin  syrup.  This  h  then  mised  with  alcohol  and  digested  for 
^^^Hievefal  hours  at  about  $0^  to  40*  C.  (S6**  to  104*^  F.).  cooled,  filtered,  and  again 
^^bvafKMnted  nearly  to  dryness^  The  alkaloids  will  be  found  in  this  residue  as  suK 
^^bltttes.     A  small  quantity  of  water  is  now  added,  and  the  solution  shaken  with  a 
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ALKALOIDS* 


4^S 


i  of  immiscible  so!v«d|s — first  lo  the  addulatcd  solutkiOT  and  then  to  the  same 

I  made atkalme.     The  acidukLed  solution  is  tf^nsfcrr^  from  the  evapormtiiig 

I  to  a  sepamliog  funneS  (see  Fig.  6i ),  thoroughly  and  repeatedly  shaken  for  a  few 

cs  with  freshly  reclined  petroteum  ether,  which  &houla  boil  at  about  65*  ro  70^ 

(149*^  ta  t5S^  F.).     The  treatment  is  lepeatcd  until  on  evaporating  a  small  por- 

i  of  the  ether  it  leaves  no  ncsiduep  showing  that  it  ceases  to  dissoh-e  aayihing. 

trole^jm  clJier  removes  mostly  the  coloring  matter*  etc.,  but  none  of  the  alkabt£. 

Second,  This  same  process  is  to  be  repeated  with  ben^trjc,  the  boiiii^  point  of 

'    1  is  81**  C*  ( 1 77.8*'  F.)*     This  removes  c^giiaiinc,  cantharidinc,  and  saniomne, 

I  ane  crystalline,  and  elaterine  and  colchitint,  which  are  amorphous. 
Thijrd.  The  solution  whicij  has  been  treated  as  above  is  neitt  shaken  with  chloro- 
which  removes  cinchonine,  digitalinc,  and  picrotoxlne.     The  chloroform  is 
XI  dissolve  out  of  the  solution  by  again  shaking  with  petroleum  ether. 
Fourth,  The  solution  is  now  made  alkaline  with  ammonium  h>dfoxide,  NH,- 
>H,  lUid  shaken  with  petroleum  ether  at  a  temperature  of  aboul  40°  C,  ( (04*  FJ, 
■  en  in  the  petroleum  ether  will  be  found  strychnine,  quinine,  brydne^  vera  trine, 
r,  and  nxcoUne  if  they  are  present- 

Lfth»  The  solution  is  next  shaken  with  benzene.  C^H^  when  any  rctnainiitg 
ninev  bmdne,  quinine^  cinchonine,  alropine^  hyoecyamini:',  pbysostigiiilne, 
litine,  codeine,  and  narceine  will  be  cibsolved  out- 

Chloroform  is  next  cmplo)'cd  in  a  similar  manner,  which  removes  Uaces 
ne  if  this  alkaloid  be  preint. 

th.  ,Amyl-4kobol  is  then  employed  in  a  similar  mamier,  which  dissolves 
,  solamne,  and  the  glucoside  sahrin,  if  present, 
ghth.  Evapomte  the  watery  liquid  with  powdered  glass  and  treat  the  residue 
ith  ddoroforraj  when  curarine^  if  present^  will  be  extracted.     Alter  all  th^e  immia- 
~  "  r  solvents  have  been  separated,  it  then  becomes  tiecessary  to  isolate  the  reddue 
'  distillation  of  the  solvent  and,  by  proper  tests,  determine  the  alkaloid  present 

The  most  tJB{x>rtafit  alkaloids,  with  their  formulae  and  their  behavior 
ttb  itnoihcible  solventSt  are  given  in  tabular  form  on  pages  464  and 

The  number  of  alkaloids  known  Is  ver\"  great.  Many  of  them  are 
sjtieSf  while  some  of  them  are  most  valuable  remedial  agents.  We 
briefly  notice  only  those  most  often  used  in  medicine* 
The  structure  of  the  molecule  of  the  most  of  the  alkaloids  is  un- 
awn,  and  but  a  few  of  them  have  been  prepared  synthetically.  A 
ridentific  classification  of  them,  therefore,  is  impossible.  They  belong 
io  different  classes  of  compoundsj  such  as  amids  or  esters  of  organic 
acids,  in  which  the  basic  character  predominates.  They  are  often 
separable  mto  a  basic  and  acid  const itnents  by  hydrolysis.  They  may 
be  thus  classified  into  five  groups.  Those  yielding  the  pyTidin  base, 
ihost  oontaining  a  quinolin  nucleus,  those  containing  the  isoquinolin 
nudeus,  a  fourth  group  closely  related  to  the  ptuin  bodies,  and  a  fifth 
»up  of  tinknowii  constitution. 

THE  PYRlDni  GROUP; 
Conltue,  QHjjN,  is  the  simpl^t  of  the  alkaloids.    It  is  obtained 
:>m  the  leaves  of  the  spotted  hemlock, Cmmm  ma^uiaiumtVLTid  h  a  color 
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less,  oily  tiqyid,  having  an  acrid  lastc  and  a  disagreeable  odor.  It 
can  be  distilled  when  protected  from  the  air.  It  boils  al  170^^  C  {$^B° 
F.),  It  is  sparingly  soluble  in  water,  but  is  more  soluble  in  cold  than 
in  hot  water;  is  sciluble  in  aU  pro|>oTtions  in  alcohol.  It  is  scjlublc  in 
six  volumes  of  ether,  and  is  soluble  in  most  fixed  and  volaliie  oik. 
On  ex-posure  to  the  air,  it  becomes  thick  and  resinous.  It  gives  ofT 
vapors,  at  the  ordinary  temperature  of  the  air,  which  form  white  fumL*^ 
with  HCl,  similar  to  ammonia.  It  has  been  obtained  sjTilhetically 
from  butyric  aldehyde  and  alcoholic  solution  of  ammonia.  When 
heated  with  H^SO^,  it  gives  a  red  txilor,  changing  to  green,  and  an 
,odor  of  butyric  acid.  With  nitrobenzene  it  gives  a  blue  color,  chang- 
ing to  red  and  finally  to  yellow.  m 

Nicotine,  C^oHmNj,  occurs  in  tobacco.  It  is  a  colorless,  otl|^ 
liquid,  which  turns  brown  on  exjxjsure  to  light  and  air.  It  has  a 
bitter,  caustic  taste,  and  a  dusagreeable  penetrating  odor.  It  distils  al 
250''  C.  (482^  F.),  and  burns  with  a  luminous  flame.  It  is  soluble 
in  water,  alcohol,  ether,  and  the  oils.  It  may  be  removed  from  its 
aqueous  solution  by  shaking  with  ether.  Its  salts  are  deliquescent 
and  crj^stallize  with  difficulty.  It  gives  a  violet  color  with  HCl,  and 
an  orange  with  HNOg.  It  h  actively  poisonous,  producing  death, 
w^hen  given  in  sufficient  doses,  Siimelimes  with  great  rapidity, 

Piperidme,  hexahydropyridin,  C^HgNHg,  has    been    found    m 
pepper,  where  it  occurs  as  a  decomposition  product  of  piperine.    Itfl 
has  been  prepared  synthetically.  fl 

Piperinej  CiyHjaNO^,  is  the  alkaloid  of  |>epper.  It  cry^stallizes  ia 
colorless,  tasteless,  odorless  prisms,  melting  at  130^  C,  (266^  F.)* 
The  alcoholic  solution  has  a  shaqi,  pepi>ery  taste  and  a  neutral  reaction. 
It  IS  soluble  in  alcohol,  but  almost  insoluble  in  water. 

Atropine,  daturlne^  atropina  (U.  S.  P.,  Br.),  Q^H^jNOa.  occurs  in 
belladonna  and  stramonium.  It  cri'stallizes  in  prisms,  or  stellated  tuft^- 
It  has  a  bitter  taste,  and  dilates  the  pupil,  either  when  free  or  as  salts,  ll 
is  odorless,  distinctly  alkaline,  and  neutralizes  acids,  forming  cr}- stall Ific 
salts,  Atropinee  sulphas  (U.  S.  P.,  Br.)  occurs  as  a  white,  cry^stallinc 
powder,solublcin  water.  Itisanactive | jo ison,  prod uc ing d ryness of tb<: 
throat,  flushing  of  the  face,  dilatation  of  the  pupils,  loss  of  speech  and  of 
muscular  power,  d  izziness,  del  irium,  and  coma.  Fatal  cases  of  poiscmmg 
are  not  frequent.  The  treatment  should  consist  in  removing  the  tinal>" 
sorbed  drug  with  the  stomach -tube,  after  the  administration  of  «onic 
liquid  containing  tannin,  as  tea.  A  solution  of  atropine  dropped  into  the 
eye  of  a  cat  dilates  the  pu|4i.  This  is  used  as  a  test  for  the  alkaloid. 
When  hydrolyzcd,  it  breaks  up  into  a  base,  tropine^  and  an  acid, 
tropic  acid.  Other  acids  may  replace  tropic  acid^  forming  cob- 
pounds  known  as  tropeines.    The  compound  of  mandelic  acid  with 
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ALKALOIDS. 

pine  h  used  as  a  substitute  for  atropine,  and  h  known  as  homat-* 
ropine. 

i  Homatropmie  Iiydrobromiduiii  (U.  S-  P.),  C|«Hj,NOjHBr,  occurs 

I      as  a  white,  cnstallinc  powder,  soluble  in  water,  akohot^  and  elher, 
"  Atropine  l>elongs  to  the  tropemes,  and  is  isomeric  with  hyoscy- 

amine  and  hyoscine* 

The  other  natural  tropeines  are  belladonnine,  atropamine,  scopola- 
mine, and  benzoyl-pseudotropine.  They  are  all  saponifiable  by  treat- 
menl  with  acids  or  alkalies,  and  arc  split  into  an  acid,  generally  tropic 

Ki,  and  tropine  or  pseudotropine- 
Hyoscyamine,  Cj^H^Ogj  is  an  alkaloid  occurring  in  belladonna 
I  h>'us*:yaraus.     It   is  isomeric  with   atropine,  and   is  easily   con- 
led  into  it-     It  occurs  as  yellow-white,  amorphous,   resinous-like 
l^es,  or  as  prismatic  cr\-stals,  having,  particularly  when  damp,  a 
Bobacco-like  odor,  and  an  acrid,  nauseous,  bitter  taste.    It  is  deli- 
qycscent  on  exposure  to  the  air*     It  is  ver>*  soluble  in  water  and  ai- 
oofaol,  and  almost  insoluble  in  ether.     It  dilates  the  pupils,  like  atro- 
and  jXJ5-iC^5es  sedative  properties. 

lyoscyamiase  sulphas,  (Ci^HajNOj^jHjSO*,  and  hyoscyaniiiiae 

brotnidum,  Q^HjaNOaHBr,  are  official, 

Hyoscinet  Ci^H^jNO^,  is  another  alkaloid  obtained  from  hyos* 

^*amus.    Hyoscine  bydrobromide  is  official.    It  occurs  in  colorless, 

rent,  rhombic  crystals,  soluble  in  water  and  alcohoL     Its  solution 

bitter,  slightly  pungent  taste.     It  is  employed  as  a  sedative  and 

lie,  and  is  specially  used  in  mania  and  in  neuralgias.     It  is  more 

and  rapid  in  its  effects  than  either  atropine  or  hyoscj^amine. 

Cocaine^  cocaina  (U.  S.  P.),  Ci^H^^KOi,  is  one  of  the  nine  alkaloids 

^irhidi  iKCur  in  the  leaves  of  Eryihroxyhn  c&ca.     It  occurs  in  monocHnic, 

lisiening  prisms.    The  hydrochlorate  has  powerful  anesthetic  proper- 

Coca-leaves  are  used  in  Peru  as  a  stimulant.     Its  taste  is  at  first 

p  |»rt»ducing  paralysis  of  the  sense  of  taste  and  a  consequent  numb- 

of  the  tongue*     When  heated  with  strong  HCI,  it  decomposes  into 

beasotc  acid,  methyl-alcohol,  and   ecgonme,  Cj^H^^NOj,  a  new  base, 

i€T  enters  of  ecgonine  are  found  in  coca-leaves,  which  yield  cocaine 

ly  saptmificalion,  a  fact  of  great  technical  importance.    Cocaine  has 

'  us  been  prepared  synthetically  from  ecgonine. 

The   hydrochloride,  CpHj^NOjHCl  (cocains   bydrochloridumf 

P.)^  is  the  only  official  salt.     It  occurs  as  colorless,  transparent 

Is  J  having  a  bitterish  ^  saline  taste,  and  producing  on  the  tongue 

ling,   benumbing  senmtion,   lasting  for  some  minutes.       It  is 

»lc  in  water  and  alcohol,  but  is  solul>ie  with  difficulty  in  ether.     It 

d  externally  as  a  local  anesthetic,  especially  on  the  mucous  mem< 

,  ajid  also  intemaUy. 
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The  solutions  of  quinine  and  its  salts  are  le\^orotalon\  Wlien  dis- 
solved in  chlorine  waler,  ammtmium  hydrate  produces  a  deep  emerald- 
green  solution.  If  K^FeCy^  be  fksl  added,  NH^OH  gives  a  deep-red 
color. 

Quininfle  hydrobromidum  (U.  S.  P.),  Q^HMN^OjHBr.HjO;  qui- 
niiue hydrochloridmn  (U,  S,  P., BrO.Q^jH^NjO^HCL 2H3O;  quininie 
salicylas  (U.  S.  P.),  2Ca^HJ^NJO^C7H^(Oa.HJO,  are  while,  odorless, 
sUky  needles,  having  a  very  bitter  taste, 

Qumidine  is  i^someric  with  quinine,  and  is  found  with  it,  Quini- 
dine  is  distinguished  from  quinine  by  its  strong  cJextrorotatory  power, 
Quinidine  is  produced  by  the  action  of  heat  upon  quinine,  and  does 
not  exist  in  the  bark,  Quinidine  occurs  in  large  prisms,  soluble  with 
difficulty  in  water,  but  soluble  in  alcohol.  It  gives  the  same  reaction  as 
quinine  with  chlorine  and  ammonia.  It  has  a  bitter  taste  and  has  tom'c 
properties  similar  to  quinine,  and  its  Kilts  resemble  those  of  quinine, 

Cinehona^  cinchonine,  Cn^H^jN^O,  occurs  m  cinchona-bark,  to- 
gether  with  quinine  and  the  other  alkaloids.  It  occurs  in  four-sided 
needles,  fusing  at  150*^  C  {302"^  F*).  It  is  soluble  in  3810  parts  of 
water  and  in  140  parts  of  alcohol.  It  is  separated  from  quinine  by 
its  insolubility  in  ether ;  ver>'  bitter  and  has  less  tonic  properties  than 
quinine.    The  sulphate  is  oflScbl, 

Cinchonidinfie  sulphas  (U,  S.  P,),  CC,^JH^^50)^H3SO^,3HJO  is 
a  neutral  sulphate  of  cinchonidine,  another  alkaloid  obtained  from  cin- 
chona barks.  White,  glistening^  silky  needles  or  prisms*  odorless,  and 
having  a  bitter  taste.  It  is  soluble  in  63  parts  of  water,  and  72  parts 
of  alcohoh 

ISOQUMOLIH  GROUP, 
The  alkaloids  of  this  group  are  derivatives  of  isoquinolin.     Opium 
contains  a  number  of  alkaloids,  of  which  the  most  important  are  the 
following,  with  the  average  percentage  present: 

Morphine.. ___. , , .  ,,C„H,|NO,  .  H,0     jo       per  cent* 

Narcotinc „,,., C^aNOr  6        '*      " 

Fapaverij^e- , < ._ ....-,...*.  ^.C^oHuNO*  i         '*      *' 

Codeine ,_,, Ci„H,jNOj  oj      '*      '* 

Narcdne ,,. CftH^NO,  ,  3H3O     0,2      *'      *' 

Thebaine,. ._ .„Ci,H„NO,  0.15    "      ** 

Opium  is  the  concrete,  milky  exudation  of  the  unripe  capsula 
of  the  Papaver  somnijerum^  or  poppy.  It  is,  chemically,  a  mixture 
of  a  large  number  of  substances,  containing  gum,  albumin,  wajc,  vol- 
atile and  coloring  matters,  meconic  acid,  meconin,  and  no  less  than 
sixteen  or  eighteen  alkaloids,  the  most  important  of  which  are  mor- 
phine and  codeine. 
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akoliol,  but  neifif  1 
cold  ikolicil  and  ; 
tiof&of  Fe^;tU 

are  tevorotaHorf .    It  i 

Morphine  dissolves  reai^^  i 
lalli^ble  saiU.,  the  most  iayartMit  of  i 
(L' .  S.  P..  Br.>.  moipliiiie  hyAqcMiiiiiMii  (U.  S.  P^  Br,),  and 
phixm  sulphas  (X\  S.  P..  Br),  (C^^O^H^.-SHp, 

Apomofidiiiie.— C|]H^C^    Wliai  motpfciir  k  baled  lo  tm^ 
C.  (136°  F),  vith  mfi  GTOK  ^  HO  and  «w  cUoHde.  It 
into  apomofphme  bfxlfocfaJorideL    It  is  sud  i&  be  foraed  * 
ill  old  morphine  sohitiois.    The  hvtlrochloride  b  a  speedr, 
tant  emetic. 

Apomorphiiue  hydrochloiidtmi  (U-  S.  P,,  Br.),  C,tHn^^<^iHa,  b 
the  hydrochloride  of  an  alkaloid  prepared  iroat  nKxphine  by  the  extrac- 
tion of  one  molecule  of  water.  Minute^  gr^jisli- white,  bitter  ciysials, 
becoming  greenish  on  exposure  to  li^i.  It  h  soluble  in  water  and 
alcohol,  and  slightly  ^luble  m  ether  and  chloroform.  It  can  also  be 
prepared  from  codeine. 

Codeine  (methyl-moq>hine),  codeina  (U.S.P),  C,jHj,(CH^NO,.* 
HjO,  and  several  similar  compounds  have  been  artificiallv  |jrejMUwl. 
Codeine  is  prepared  by  heating  morphine  with  methyl  uKlicJe  und 
sodium-ethyL  It  may  also  be  separated  from  opium.  It  occuni  an  a 
white,  crystalline  powder,  slightly  soluble  in  water »  v^  mil ubic  in  ether 
and  akohoL  Its  action  is  similar  to  that  of  morphine,  hut  it  is  idxnit  one- 
half  as  efficient.    The  alkaloid,  the  phosphate,  and  sulphaic  are  olTu  iul 

Heroine  (morphine-diacetic-ester),  C|jH,t(C,H/>,J,NO^,  i)*  a  white, 
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cryitalline  powder,  odorless,  and  having  a  weak,  bitter  tasle*  It  h 
almost  insoluble  in  water,  but  soluble  m  alkaline  liquids.  It  is  used 
as  a  sedative  for  the  relief  of  asthma,  coughs,  etc 

Dioniiie  (hydrochloride  of  mono-ethyl -morphine)  occurs  as  a  fine, 
whke,  crystalline  i>owder,  soluble  in  water.  It  is  used  in  the  irealtnenl 
of  the  rough  of  bronchitis,  phthisis,  pneumonia,  etc. 

Peronine  (morphine-benzyl-ester-hydrochloride)  occurs  txho  as  a 
white,  cr>^stalline  powder  readily  soluble  in  alcuhol  and  insoluble  in  water. 

Uses  same  as  those  of  dionine. 

Hydrastine,  hydrastina  (U.  S,  P,),  CjjH^iNOb,  is  the  principal 
alkaloid  of  goldenseal,  IlyflrasHs  canadensis.  It  occurs  in  while  crys- 
tals, having  an  intensely  bitter  taste.  It  is  insoluble  in  water,  but  is 
readily  soluble  in  alcohol.  It  has  astringent  properties.  Kydrastininey 
CnHjjNOj,  is  an  artiJicial  alkalcid  derived  from  hydrastine.  The 
hydrochloride,  Ci^H^jNOjHCl,  is  ofBciab  It  occurs  as  light-yellow, 
cr}stiilline  powder,  or  needle-shaped  crj-'stals,  having  a  bitter  taste. 

Berberine,  Cj„H4^NO^,  also  found  in  hvdrastis,  occurs  in  yelbwish- 
brown  needles,  forming  a  yellow  solution  with  water.  Berl>erine  has 
little  toxic  eflTect  upon  man,  but  it  produces  paresis  and  interferes  with 
respiration,  in  dogs* 

THE  PURIN  GROUP, 

These  alkaloids  are  related  to  the  xanthin  bases  and  uric  acid  (q*  ik)* 
The  chief  alkaloids  of  this  class  are  caifeinej  theobromtne^  ami 
theophyllinei  Caffeine  is  structurally  i.  3.  7.  trimethyl-xanlhin; 
theobromine  is  i.  7.  dimethyl-xanthinj  and  theophylline  is  i,  3*  di- 
methvl-xanthin. 

Caffeine,  Theine,  Caffeina  (U.  S.  P.,  Br).--C,Ht„N,Oj.H,0. 
White,  silky  needles;  fuses  and  sublimes;  has  a  faint  bitter  L^ste; 
poisonous  in  large  doses;  0.4  to  0.5  gr.  produces  death  In  cats  and 
rabbits.  It  exists  in  coGfee,  tea,  and  some  other  plants.  Hot,  fum- 
ing HNO3  turns  it  yellow,  which,  after  evaporation  and  treatmeoi 
with  NHiOHj  becomes  purpyle  (murexid). 

Citrated  caffeme,  caffelna  citrata  (IT.  S.  P,),  caffeine  citras  (Br), 
is  a  weak  comjxiund  or  mixture  of  caffeine  and  citric  acid,  made  by 
evaporating  lo  dryness  a  s^Mution  of  caffeine  in  water  containing  an 
equal  weight  of  citric  acid.  It  is  a  white  pcnvder  having  an  acid  taste 
and  reaction.  It  is  soluble  in  about  twenty- fn'e  parts  of  water.  Its 
physiological  properties  are  the  same  as  those  of  the  alkaloid, 

Caffelna  citrata  effervescens  (U.  S-  P.),  caifeinse  citras  effer- 
vesce os  (Br.),  is  a  white  powder  consLsting  of  a  mixture  of  citrated 
caffeine,  sodium  bicarbonate,  tartaric  acid,  and  sugar.  The  pre[*ara- 
lion  contains  2  per  cent,  of  caffeine* 
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Tbeobromme,  CjH^40j,  occurs  in  the  seed  or  bean  of  Tkta- 
brama  caaio.  It  closely  resembles  caffeine  in  its  physio logiciii  action* 
It  is  eliminated  by  the  kidneys,  and  can  be  detected  in  the  urine.  It 
forms  small,  white  trimetric  crj-slals,  sparingly  soluble  in  water,  al- 
cohol, and  ether.  It  has  a  slightly  bkter  taste,  A  mixture  of  the  sali- 
cylates of  theobromine  and  sf*diuni  is  used  under  the  name  of  diuretin. 
Diuretin  h  un^stablCj  and  slowly  decomposes  in  contact  with  water. 

Tbeophylliiie  is  found  in  tea  along  with  caffeine.  It  is  not  used 
in  tberajieutics. 

k  ALKALOIDS  OF  UTTKNOWlf  COITSTmTTIOlT. 

'  Properties  of  the  Principal  Non-volatile  Alkaloids.— Acorn* 
tine,  Aconitina  (U.  S.  P.,  Br.),  Cj^H^^NOj,,  is  a  glacial  mass  or  a  white 
fjowdcr,  and  crystallizes  with  difficulty  in  rhombic  plates.  It  possesses 
a  sharp,  pungent  taste,  and,  in  general,  the  phv^siologicaJ  properties 
of  the  plant. 

The  commercial  alkaloid  is  probably  a  mixture  of  several  alkaloids, 
of  which  aconite-root  contains  ut  least  nine.  The  alkaloid  is  very 
poisonous  and  care  should  be  exercised  in  tasting  it.  The  most  char- 
acteristic  test  is  the  numbness  of  the  tongue  and  lips,  which  it  produces 
in  from  one  to  fifteen  minutes  after  tasting  IL  This  numbness  suffices 
to  detect  as  small  a  quantity  as  o.oi  of  a  milligram  of  the  alkaloid. 
It  neutralizes  acitJs,  forming  crystalline  salts.  It  is  precipitated  from 
its  aqueous  solutions  by  alkalies,  phosphomolybdic  acid,  Mayer's  re- 
agent, and  by  iodine  in  KI  solution.  It  is  not  precipitated  by  PtCl^^ 
HgCI,,  or  picric  acid» 

Colcliicine>  Colchicina  (U,  S.  P,),  C^Hj3(CH30)NOs,  occurs  in 
Coi^hkum  autumnale  and  in  other  plants  of  the  same  family.  It  is  a 
yellow- white,  gummy,  amorphous  substiince  (usually  amorfjhous),  with 
a  melting  |xiint  of  about  147°  C  (296°  F.)^  It  is  readily  si^luble  in 
water  J  alcohol^  and  chloroform.  It  is  employed,  like  the  plant,  in  the 
treatment  of  rheumatism  and  gout*  in  doses  of  from  Yhf  to  ^  of  a 
grain.  By  the  process  of  hydrolysis,  this  alkaloid  yields  a  second 
one,  called  G0lcbiceiiie»  QiHjjOfINOs*  This  substance  is  readily 
soluble  in  boiling  water,  alcohol,  and  chloroform,  and  but  slightly 
soluble  in  cnkl  water.     It  is  occasionally  employed  in  metlicine. 

Physostigmine,  eserine,  physostigma,  C,^Hj}Nj|0;,  is  an  alka- 
k>id  obuined  from  the  Calabar  bean,  Physostigma  venenosum.  It  is  a 
crystalline  or  amorphous,  browm-)'ellow  powder.  Its  solutions  vary  in 
color  from  red  to  blue,  and  are  strongly  alkaline  in  reaction.  It  is  a 
violent  poison,  and  strongly  contracts  the  pupils.  The  salicylate, 
occurring  in  crv^stalline  prisms,  and  the  sulphate,  a  yellow- white^  crys- 
talline powder,  are  officbL 
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Pilocarpine^  CuH^NjOa,  is  the  principal  alkaloid  of  jaborandi*  It 
is  unin'stallizable,  but  its  salts  ar>*&tallize  from  alcohol  With  HjSO| 
it  forms  a  colorless  Siolution.  Given  interimUy,  it  produces  rapid  and 
profuse  diaphoresis  and  salivalion,  quickened  pulse,  and  lowered  tem- 
perature. With  large  doses  the  heart  stops  in  diastole.  The  hydro- 
chloride, pilocarpliiae  hydrochloridum,  and  pilocaxpinse  nitras  are 
officiaL  They  occur  as  small,  white^  odorless  cr\'stals,  having  a  slighlJy 
bitter  taste,  very  soluble  in  water  or  alcohol. 

Sparteine,  Ci^HajN^,  is  an  alkaloid  extracted  from  the  common 
broom  J  scopiirius. 

It  is  a  liquid,  heavier  than  water,  boiling  at  288^  C  (550°  F*)* 
It  is  sparingly  soluble  in  water,  giving  an  alkaline,  bitter  solutbn. 
It  smells  like  anihn,  and,  like  it,  becomes  brown  on  exposure  to  the 
air.  The  sulphate,  sparteinae  sulphas^  Ci^HjaNa^HjSO^.sHjO  (U-S. 
P.),  is  used  as  a  heart -stimulant. 

Veratrine,  veratrina  (U.  S.  P.,  Br),  occurs  in  Asagra^a  offid- 
naiis.  The  commercial  substance  is  a  mixture  ol  three  alkaloids— 
cevadine,  veratrine,  and  cevadilline*  White  prisms  or  powder,  melting 
at  175°  C.  (347"^  F.)  and  solidifying,  on  cooling,  to  a  resinous  mtss* 
Its  dust  causes  violent  sneezing;  it  is  a  violent  poison.  Concenlnitd 
HjSO^  forms  a  yellow  solution,  which  gradually  become  red.  These 
alkaloids  all  form  crystalline  salts.  The  oleate  and  an  omtment  uf 
veratrine  are  officiaL 
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PTOMAINES- 

Putrefactive  or  Cadaveric  Alkaloids*— These  alkaloids  are  pro- 
duced during  the  putrid  decomposition  of  animal  and  vegetable  roat- 
ter,  and  probably  in  certain  f>alhological  conditions  in  the  human 
body  during  life.  They  are  the  result  of  the  growth  of  the  bacteria 
that  produce  the  decomposition  of  dead  animal  and  vegetable  tissues. 

Some  of  these  bases  are  very  poisonous,  producing  symptoms  resem- 
bling those  caused  by  strychnine,  atropine,  coniine,  etc,  SeLmi  ob- 
tiined  poisonous  bases  containing  arsenic  from  the  body  of  a  sub- 
ject who  had  died  of  arsenical  poisc^ning,  and  was  exhumed  fourteen 
days  after  death.  It  is  probable  that  the  symptoms  of  fioisooing  hv 
preserved  foods,  such  as  canned  fish,  meat,  etc.,  that  are  occasional!)" 
seen,  are  sometimes  due  to  the  presence  of  some  one  of  these  alkaloids* 
Tainted  meat,  fish,  etc.,  should  not  l)c  eaten*  The  author  has  known 
of  a  number  of  cases  of  poisoning  from  this  cause. 

Some  of  these  alkaloids  decompijse  with  great  ease,  giving  a  cadav- 
eric odor,  while  others  remain  permanent.  Although  they  are  nwsl 
likely  to  be  found  in  putrefying  animal  matters,  they  have  been  pn> 
duced  by  the  putrefaction  of  maize,  leguminous  substances^  flour, 


etc*     Many  of  the  ptomaiiies  aic  volatfle  md 

crystalline  salts  with  the  adds,    Tligr  mf  answer  io  acnff  afl  Ike 

ordinary  reactions  of  many  of  tj>e  wgetible  afalniiK    Tbe 

factive  alkaLoids  seem  lo  possess  km  iteljiiu,  and  ^sxxaMj 

greater  tendency  to  uiid»^  o^idafioa,  ttea  di^  ffgr^hir  liAfi 

hence  frequently  act  as  radaclpg  asaiiL    Tfae 

during  the  earlier  stages  of  tlie  pctniactifc 

faction  progresses  th^  padttalj  dka|i{ieu',  ani  pve  place  to 

known  aromatic  or  beoaenoid  oompoynck.    Biici^r  fpnd  tint  tiKse 

are  produced  at  first  oxTgenated  basc^  ^km 

gaduuni  and  tetanin. 

These  seem  to  disappear  alterwanif  and  ajoiai  laiie  tfaeo-  places^  ssdi 
as  dimethybmin,  trimeihylainiii,  triethylaiaiiip  ptttrescto,  odaTann, 
saprin,  neuridin,  coUidin,  hirdfiiaaflidm^  pamlia*  and  ^Frotoiicoti 
(diazobenzene)*  Some  of  these  are  vobtfle  and  olhci^  decompose  oa 
the  application  of  heat«  espedaUj  on  evaptiratioiD  to  dryness. 

The  number  of  these  alkaloids  that  bane  been  boLatnl  h  coosackr* 
aye.  Some  of  them  ha^^e  not  been  stiffidenilf  studied  to 
their  constitution.  Some  of  these  bases  «i  dodeljr  resenihle  die 
v^etable  alkaloids  that  they  have  been  metaken  by  dienitsis  for  the 
latter.  The  alkaioids  likefy  Id  be  coolotiiyM  with  ptomaines  are 
coniine,  nicotine,  strychnine,  morphine,  atiopine,  d%italiiie,  n 
trine,  deiphlnine^  and  colchicine.  Not  only  do  the  ptomaines  have 
many  reactions  that  have  been  heretofore  regarded  as  cfaaraeteristk:  of 
the  above- named  alkaJoidSf  but  their  presence  in  some  cases  pre^'ents 
the  detection  of  certain  alkaloids  by  the  usual  reagents.  These  facts 
have  a  very  importaiit  bearing  upon  the  toxicological  search  for  the 
alkaloids.  Indeed,  serknis  mistakes  have  been  made  b>'  chemists  who 
have  had  charge  of  such  anafyses^  owing  to  imperfect  knowledge  of 
these  putrefactive  allcaUjHg 

The  separation  of  the  ptomaines  from  the  %'egetable  alkaloids  is 
attended  mth  great  diSculty,  A  somewhat  distinctive  reactbn  for 
the  pfjomajnes  is  their  reducing  action  upon  potassium  ferric^anide, 
II  a  solution  containing  ferric  chJoride  and  potassium  ferricyanide  be 
tiBated  with  a  drop  or  two  of  a  sohition  containing  a  ptomaine,  the 
fcrricyaBide  is  reduced  to  ferrocyanidei  which  gives  an  immediate 
precipitate  of  Prussian  blue  with  the  ferric  chJoride.  The  only  vcg* 
eCaUe  alkaloids  thus  far  known  to  reduce  ferricyanides  are  morphine 
and  ^-eratrine. 

Physiological  Action  of  Ptomaines.— The  cadaveric  alkaloids 
are  not  ail  toxic.  Of  those  which  are,  there  is  a  great  variation  in 
the  degree,  as  well  as  in  the  symptoms  produced.  The  free  ptomaines 
are  more  energetic  than  their  salts*    The  principal  sy-mptoms  obser\'ad 
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in  dogs  are  the  following:  (i)  Dilatation  of  ihe  pupil,  followed  by 
contraction  J  sometimes  irregukr  contraction,  of  the  pupib;  {2)  paraly- 
sis of  the  vasomotor  nerve;;,  causing  an  increased  cutaneous  heat  and 
injection  of  the  helices  of  the  ears;  (3)  cessation  of,  or  slowing  of  the 
respiration;  (4)  somnolence,  followed  by  convulsions  and  death;  (5) 
loss  ol  muscular  contractility  to  electrical  stimulus.  V'ery  little  seen^ 
to  be  known  of  the  effects  of  individual  ptomaines  upon  man,  WhsLi 
has  often  been  called  ptomaine  pois«ming  is  the  result  of  a  mixture  of 
substances^  in  which  we  have  no  evidence  that  ptomaines  exist,  or  that 
they  are  the  cause  of  the  s\'m[*t(>ms  if  |> resent.  Such  poisoning  is  more 
properly  called  "  food-poisoning."  As  our  knowledge  of  f(.iod-p(>is<jn- 
tng  increases,  it  becomes  more  probable  that  ptomaines  play  little  part 
in  producing  the  symptoms^  but  that  they  are  due  to  tozinSi  or  to  a 
mixture  of  causes.  J 

Food-poison  and  botulismus  will  be  treated  of  under  Toxins,  " 
Among  the  non-poisonous  ptomaines,  are  a  number  of  the  amin 
bases  which  may  be  formed  by  other  processes  than  putrefaction. 
Among  these  may  be  mentioned  methylamin,  dimethylamin,  trimeihy]< 
amin,  ethylamin,  diethylamin,  triethylamin,  propylamin,  and  neurodin, 
most  of  which  have  been  mentioned  among  the  amins.  We  may  men- 
tion in  addition,  mydin,  CgHnNO;  pyocyanin,  Cj4Hi|NOj,  and  betain, 

The  most  important  of  the  poisonous  ptomaines  are  the  followin^f; 

Cadaverini  QH^^Nj,  occurs  very  frequently  in  decomposing  aninuij 
tissue.     It  b  not  ver>^  poisonous,  but  is  capable  of  producing  inlei^ 
inflammation  and  suppuration,  even  in  the  absence  of  bacteria.    It^ 
appears  late  in  the  putrefactive  process^  but  readily  in  cultivatioib 
of  the  cholera  bacillus  and   the   Finklex-Prior  vibrio.     It  belongs 
the  diamins,  and  is  chemically  pentamethylenediamin.     It  is  a  s)Tup 
liquid^  possessing  an  unpleasant  odor  resembling  that  of  cocaine, 

Cholin,  QHjjNOj,  is  similar  in  properties  to  neurin,  and  has  been 
already  mentioned  among  the  organic  bases, 

Muscarm^  CjE^jNOj,  was  first  discovered  in  poisonous  mushrooms,j 
Agaricus  mincarius.    It  has  also  been  obtained  by  the  oxidizing  acli* 
of  HNO3  on  cholin.     It  is  closely  related,  therefore,  to  this  base. 
has  been  obtained  also  from  putrid  fish.     It  is  a  very^  active  poison 

Neurin,  QHj^NO,  is  a  syrupy  base  of  strong  alkaline  reailion 
and  has  been  obtained  synthetically  by  boiling  protagon  from  brain-^ 
substance  with  barj'ta,  and  by  other  synthetic  processes*     It  is  a  odm 
stant  product  of  cadaveric  putrefaction,  and  is  a  more  poweiftil  toxic  , 
agent  than  cholin,  with  which  it  is  usually  associated.     Atropine  is 
Its  physiological  antagonist, 

Cholin,  muscarin,  and  neurin  usually  occur  together,  and  have 
been  described  on  page  597. 
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GadiJQta,  C^Hj^NOj,  has  been  obtained  fram  putrefying  codfish, 

Mytilo toxin,  C^Hi^NO^,  is  the  itclive  agent  m  jKiLsonous  mussels. 

Typhotoxia^  C^Hi^NO^,  h  an  alkaloicl  which  has  been  obtained 
fiom  pure  cultures  of  the  bacillus  of  typhoid  fever,  and  is  supposed  to 
be  tJbe  chemical  poison  concerned  in  producmg  the  symptoms  in  this 
dbease. 

Typholoxin,  when  injected  into  the  circuktion  of  animals,  pro<luces 
a  letliiirgic  or  puralylic  condition,  in  which  the  animal  falls  down 
hdpless.  Frequently  diarrheal  evacuations  take  place,  and  death  foU 
hwrs  in  from  one  to  two  days. 

Telaoin,  CuH^NjO^,  h  supposed  to  be  the  chemical  poison  in 
caje^  of  tetanus.    There  is  alst>  a  toxin  of  tetanus,  and  an  antitoxin. 

Tyro  toxic  OIL,  QH^Nj,  is  a  poison  which  has  been  separated  from 
pol^Dous  chee^  icecream,  and  milk.  Its  true  chemical  composition 
ms  not  yel  l>cen  established.  It  is  supposed  to  be  the  active  agent  in 
piroducing  the  symptoms  usually  seen  in  cases  of  cheese  poisoning. 

Putresclo,  C^Hj^Mj  (tetrajnethylenediamm),  k  usually  found 
mccofn|ianytng  cadaverin,  but  makes  its  appearance  much  later.  It  b 
found,  together  with  cadaverin,  in  feces  and  urine.  It  is  a  poison,  but 
not  vciy  virulent. 

The  symptoms  produced  by  it  are  very  similar  to  those  of  cholera, 
but  the  muscular  cramps  and  other  symptoms  produced  in  cholera  are 
piobably  caused  by  other  |x)i5onous  substances. 


LTOXINS. 
V^etable  ToxtBS, — The  mc^t  important  of  these  arc  ricin^  occur- 
|fc  Cii^tor-ojl  licans,  Ririnus  communis;  ahrinf  occurring  in  the  seeds 
Iqiurity;  crotin^  occurring  in  tbe  seeds  of  Croton  liglium,  from  which 
cfoton  ofl  is  obtained;  and  rohht^  found  in  the  bark  of  Robina  pseuda* 
§ama.  These  are  all  poisonous  to  man  and  animals,  ^^d  are  very 
mdi  alike  in  properties  and  poisonous  action.  The  chemical  nature 
of  these  toxins  has  not  l>een  definitely  settled.  They  are  prfibably 
not  proileins,  but  adhere  so  strongly  to  the  proteins  with  which  they  ait 
combtped  or  asMiciate*!  In  the  plant  that  it  is  difficult  to  separate  them, 
Rkta  Is  precipitate*!  from  its  solutions  in  an  impure  state  by  a  60  per 
cmt  laiuraiion  with  (NH.j^O^.  It  is  soluble  in  10  per  cent,  sodium 
cUaride.  It,  therefore,  closely  resembles  globulin  in  its  Ijchavior,  as  do 
ike  birtmal  toxins.  The  impure  ririn  is  not  destroyed  by  trypsin 
iKfBtion,  while  the  asMxriated  protein  is  digeste<i.  By  saturating  the 
miltion,  after  digestion,  to  the  extent  of  60  per  cent,  with  (NHJ,SO,* 
tkr  rfcin  is  prmpitated  nearly  pure.    This  precipitate  docs  not  give 
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the  protein  reactions,  whUe  its  toxic  properties  are  verj^'  active.  Ricin 
and  probably  the  other  toxins  are  not  proteins,  but  some  closely  allied 
but  unclassified  compound.  The  toxin^j  present  many  close  aaalogi^ 
With  the  enzjTnes,  They  are  all  closely  allied  also  to  the  proteins. 
They  are  not  d^troyed  by  boiling,  as  the  enzymes  are.  Alcohol  does 
Dot  dissolve  ricin  and  does  not  injure  it.  Ricin  h  highly  poisonous; 
0.180  gram  of  it  is  sufficient  to  kill  a  man.  It  has  a  distinct  period 
of  incubation  of  about  twent}'-four  to  thirty  hour^.  The  first  effect  is 
fever,  then  clonic  convulsions,  then  paral^-sis,  d3T^pnoea,  feeble  res^ 
tions,  and  death.  It  has  no  action  on  the  heart,  but  produces  an  actl^ 
leucocytosis,  and  a  clumping  of  the  red  cells  of  the  blood,  followed  by 
hemolysis » 

After  repeated  injections  of  small  doses  the  animal  becomes  immune 
and  the  blood  contains  antu-icin.    In  this  respect  these  vegetable  t 
exactly  resemble  the  bacterial  toxins. 

Ammal  Toxins. — The  most  important  of  these  are  those  contains 
in  the  venom  of  poisonous  snakes,  the  conger-eel,  certain  spiders,  etc 
The  venom  of  snakes  is  secreted  by  the  poison  glands,  altliough  the  blood 
of  the  cobra  and  some  other  poisonous  snakes  is  poisonous.  The  venom 
is  a  transparent  \iscid  liquid  which  when  exposed  to  air  congeals  into 
masses.  The  poison  acts  most  energetically  when  injected  into  tk 
veins,  less  so  when  injected  subcutaneously,  and  is  widiout  poisonous 
action  when  taken  by  the  mouth.  One  four- millionth  of  the  bod?* 
weight  when  injected  will  produce  death.  There  is  an  increase  d 
venom  in  the  glands  of  the  snake  proportional  to  the  length  of  tiiw 
since  the  snake  has  bitten.  The  bite  of  a  hibernating  snake  is  mt^t 
dangerous  in  the  spring. 

The  chemical  nature  of  snake  poison  is  unknown,  but  it  is  probably 
not  a  protein,  although  associated  with  proteins.  It  is  not  destroy^  by 
dilute  phenol,  mercuric  chloride  in  i  to  1000  solution,  copper  sulphate, 
iodine,  potassium  iodide,  alcohol,  ether,  chloroform,  ammonia,  or 
^sential  oils.  It  is  destroyed  by  a  one  per  cent*  solution  of  potassium 
permanganate,  and  gold  chloride  (i  per  cent,).  Snake  venom  contaiiis 
three  distinct  poisons:  neuro- toxin,  acting  on  tlie  central  nervous  system; 
hemolysin  and  heraorrhagin,  acting  on  the  blotMj,  The  heart  is  not 
affected.  WTien  snake  venom  is  injectefl  into  an  animal  in  less  than 
the  lethal  dose,  an  antitoxin  is  formed  and  the  animal  becomes  immutie 
to  the  poison.  The  serum  of  tlie  blood  of  such  an  animal  con  tains  a 
true  antitoxin  and  has  been  prepared  and  used  successfully  after  makt 
bites. 

Bacterial  Toxins.— The  disease-producing  bacteria  form,  as  a 
result  of  their  growth,  certain  substances  which  are  more  or  less  poison- 
ous.    Pure  cultures  of  the  anthrax  bacillus  produce  a  substance  whidi, 
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if  inocutaied  into  animals,  renders  tiieni  inmiune  from  anthrax.  Maojr 
specific  organisms,  though  not  all,  produce  a  toxin^  or  pot:ion,  and  an 
antitoxin,  or  protective  principle.  The  bacillus  of  diphilierm  produces  a 
toxin  which,  when  injected  into  animals,  produces  diphtheritic  sjoiptoms^ 

Toxins  are  the  poisonous  products  of  bacterial  growth*  Some  of 
them  are  bases  or  ptomaines,  whik  others  are  potsooous  proteins. 
The  term  is  often  limited  to  the  poisons  produced  by  pathogenic 
bacteria,  or  those  producing  the  infectious  fevers.  The  toxins  are  pro- 
duced in  the  bodies  of  the  bacteria.  In  some  cases  they  pass  out  into 
the  culture  medium  in  which  the  bacteria  grow,  when  the  solutbn  has 
ixic  properties,  and  the  toxin  is  sairl  to  be  an  extracelluiar  toxin. 

Other  bacteria  produce  toxins  which  do  not  pass  into  the  solution^ 
unle^  the  bodies  of  the  bacteria  are  crushed.  These  are  called  intra* 
ceUtllar  toxinSf  and  the  culture  medium  has  no  toxic  effect,  or  only  a 
sii^t  effect.  i\n  antitoxin  is  a  defensive  sul^tance  of  unknown  com- 
position formed  in  the  blood  of  an  animal  as  the  result  of  the  presoice 
of  a  toxin.  Antitoxin  combines  with  the  toxin  to  form  a  non-toxic 
compound.  The  presence  of  a  specific  antitoxin,  in  the  biood  of  an 
animal,  produces  immunity  for  that  disease- 

A  bacterial  vaccine  is  a  killed  culture  of  pathogienic  bacteria  used 
to  inject  utider  the  skin,  as  a  curative  agem,  in  the  treatment  of  certain 
infectious  diseases* 

It  is  employed  chiefly  in  those  infections  which  are  produced  by 
organisEOS  forming  intracellular  toxins^ 

It  produces  active  immunity  and  thus  checks  the  progresi  of  the 
disease. 

Lysins  are  cell-destroying  substances  occurring  or  developed  in  the 
serum  of  an  animal.    The  process  is  called  cytolysis. 

Afglutinins  are  substances  occurring  naturally  in  the  blood  serum 

certain  animals,  or  developed  in  others  by  a  disease^  which  has  the 

iperty  of  checking  the  growth  of  the  bacteria  of  that  disease^  and 
'eausing  them  to  gather  together  into  tangled  mass^  or  clumps.  This 
profieny  is  the  basis  of  Widal's  test  for  tvi>hoid  fever. 

Precipitins  are  substances  produced  in  the  serum  of  an  animal  as 
the  result  of  injecting  proteins  into  it,  and  which  have  the  property  of 
precipituiing  from  its  solutions  the  protein  inj^ted.  This  method  has 
lieen  use^l  in  forensic  examinations  o/  blood  stains  to  positively  distin- 
guish human  from  every  other  blood,  except  that  of  the  ape  or  monkey. 
It  will  distinguish  milks  from  different  species  of  animals.  It  may  be 
used  to  detect  horse  meat  in  sausage  or  other  composite  meats. 

Cnrative  sera  are  prepared  by  injecting  toxins  into  an  animal  in 
small,  repealed  doses,  thus  allowing  the  animal  to  produce  antitoxin 
In  la^  quantity.     The  animal  is  then  bled,  the  blood  allowed  to  clot, 
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and  the  separated  serum,  preserved  with  some  antiseptic,  is  si 
ized  by  animal  experimeiUs*    Sucli  protective  sera  have  been  pre^ 
for  the  treatment  of  diphtheria,  cholera,  streptoccMZctis  infection^  an 
thrax,  bubonic  plague,  tetanus>  t}phoid  fever,  etc.    These  are  some 
times  used  as  immunizing  and  sometimes  as  curative  agents. 

Serum  antidiphthericum  (U.  S.  P.)  or  diphtheria  antitoxlti  is 
a  yellowish  or  yellowish -brown  transparent  or  sUghUy  turbid  liquid 
serum  ^]>arated  from  the  coagulated  blood  of  a  horse  immunized 
through  the  inoculation  with  diphtheritic  toxin. 

The  standard  of  strength,  expressed  in  units  of  antitoxic  power,  ^ 
should  be  thai  established  by  the  U.  S.  Public  Health  and  Marine  Hodl 
pital  Service,     This  strength  is  markefl  on  each  package,  ^| 

Botulismus  Toxin,  or  Meat-poison,— This  is  a  toxin  discovered 
by  Van  Ermengen,  in  1S96,  He  discovered  a  specific  anaerobic  bacillus 
in  a  ham  that  had  poisoned  a  number  of  people,  which  produced  a 
toxin  in  pure  cultures,  and  which  produced  in  animals  the  characterbtic 
symptoms  of  meat  poisoning,  technically  known  as  botulismus  (from 
b&luius,  a  sausage), 

Kempner  prepared  an  antitoxin  in  animal  experiments,  showing  the 
analogy   between  this  toxin  and  that  of  the  specific   diseases.    The 
symptoms  of  botulismus  are  increase  of  salivary  secretion,  dilalaibn 
of  the  pupil,   strabismus,   and  disturbances  of  speech,   retenUoa 
urine,  but  no  fever  or  brain  s>Tnptoms. 

Several  observers  have  noted  certain  degenerative  changes  in  iht 
nerv^e-cells  of  the  spinal  cord  in  animals  treated  with  this  toxin.  Other 
|>oisons  probably  occur  in  the  ^^arious  meats,  and  in  other  foods  pro- 
ducing poisoning. 

Until  recently,  food  poisoning— i.  ^,,  cheese  poisoning,  ice-cmUJJ 
poisoning,  sausage  poisoning,  fish  poisoning,  clam  and  oyster  poison^ 
ing,  etc, — was  believed  to  be  due  to  alkaloidal  substances  classed  as 
ptomaines.  The  above  mentioned  discovery  seems  *to  indicate  that 
many,  al  least,  of  such  poisons  are  poisonous  proteids  instead  of  al- 
kaloids, closely  allied  to  the  toxins  of  diphtheria,  tetanus,  and  other 
contagious  diseases, 

Untii  more  is  known  of  these  poisons  we  must  look  upon  cases  oi 
such  poisoning  as  simply  food  poisoning. 

The  symptoms  of  food  poisoning  in  man,  although  varied  by 
the  character  of  the  poison  and  the  condition  of  the  individual  at  ihc 
time,  are  generally  those  of  a  powerful  gastro- intestinal  irritant.  Ttiere 
is  usually  a  period  of  incubation  of  from  two  to  six  hours.  With  a 
given  article  of  food  undergoing  putrid  fermentation,  there  is  frequently 
a  remarkable  agreement  in  this  period  of  incubation  in  difiTerent  per- 
sonsj  the  symptoms  in  all  beginning  within  a  few  minutes  of  the  saiiw 
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There  is  usually  sudden  and  sevtrt  retching,  with  abdominal 
paiiip  prostration,  disturbed  circuialion,  and  often  delirium.  There 
is  si:>metimes  dilatation  of  the  pupils  and  redness  of  the  skin,  or  a  fiBe^ 
scarlatina4ike  eruption.  Thirst  is  usually  intense.  Dmrrhea  k  fre- 
quent, but  not  always  present;  the  discharges  are  very  offensive,  Mus- 
culaj  twitchings,  and  even  ainv^lsions,  may  be  met  with.  There  is 
a  tendency  to  collapse,  which  must  be  guarded  against.  The  tem- 
perature h  in  some  cases  dev-ated,  and  in  others  it  is  below  normal. 

The  above  description  applies  to  the  symptoms  usually  met  with  In 
cas^  of  poisoning  by  food  in  a  st^te  of  beginning  decomposition^ 

Cases  of  meat  poisoning  are  very^  often  due  to  eating  of  the  meat  of 
cows  which  have  been  slaughtered  because  of  puerperal  fe%er  or  disease 
of  [he  udder,  or  of  the  gastni- intestinal  organs.  The  meat  of  c^v& 
slaughtered  soon  after  bLrth  is  often  poisonous  because  of  infections  to 
which  they  are  subject. 

Fish,  oysters,  mussels  and  clams  may  become  'poisonous  when 
taken  from  polluted  waters.  They  are  in  such  instances  usually  in- 
fected with  paratyphoid,  or  other  \  arieties  of  the  tobn  bacillus.  O voters 
have  been  known  to  transmit  typhoid  fever,  when  they  are  exposed  to 
water  containing  sewage.  Ice  cream  and  puddings  have  given  many 
cases  of  poisoning.  So  far  as  accurate  investi^tioQ  has  reveakd  the 
cause,  it  has  sho\^^  it  to  be  the  paratA^hoid  badllus  or  the  bacillus 
enterttidis. 

Potato  poisoning  has  often  been  attributed  to  solanjn,  but  more 
recent  study  makes  it  probable  that  it  is  due  to  bacterial  growth* 


THE   GLUCOSIDES. 

The  glucosMes  are  a  dass  of  compounds  widely  distributed 
throughout  the  vegetable  kingdbm.  They  may  be  re^^olved  into  a 
sugar  and  another  compound  by  acids,  alkalies,  or  certain  ferments* 
They  are  probably  esters  of  dextrose,  or  a  related  sugar.  They  show  a 
wide  range  of  properties  and  composition.  Solan  in ,  for  example,  is  a 
base,  w^hilc  others  have  a  distinct  acid  reaction.  They  are  usuaDy 
soluble  in  water  and  alcohol.  Most,  but  not  all  of  them,  reduce 
Fchiing*s  solution.  They  are  not  decomposed,  as  a  rule^  by  water,  but 
are  easily  decomf»osed  by  heating  with  dilute  H^SO^  or  HCl.  Many 
of  tfacm  are  optically  active,  A  few  of  them  occur  in  the  animal  body- 
Maojr  of  them  are  used  in  medicine.  We  can  mention  here  but  a  few 
oi  ihc  more  important  of  these  bodies. 

Amygdaliiif  C^H^^NOj^,  occurs  in  bitter  almonds,  in  the  kernels 
0f  cherricsp  plums,  and  apricots,  and  in  the  leaves  of  the  laurel.  Ex* 
3^ 
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tractcd  from  almonds  by  boiling  alcohol,  and  precipitated  by  add-" 
ing  ether,  it  is  obtaiined  as  pearly  scales.  When  emulsin  (itie  fer- 
ment  of  bitter  almonds)  is  added,  it  splits  up  into  hydrcMiyanic  acid, 
HCN,  benzaldehyde,  QH^^COH,  and  dextrose. 

Arbutin^  C^HjftO^,  is  extracted  from  the  leaves  of  Uva  ursL  It  is 
soluble  in  water,  has  a  bttter  taste,  and  is  crystalline,  Emukiii  and 
diluted  acids  split  it  into  dextrose  and  hydroquinon* 

Antiarin,  CnH^^Oa .  2H3O,  is  the  active  principle  of  the  arrow- 
poison  of  Java;  crystalline,  soluble  in  water  and  alcohoL  It  is 
obrained  from  the  milky  juice  of  AtUmris  toxkana. 

CoQiferin,  CiaHjaOg .  sHjO,  occurs  m  the  cambium  sap  of  the 
cmtijcrcr^  and  cr};stalli^es  in  stellate  groups  of  prisms.  M'ith  emulsin  it 
yields  dextrose  and  toniferyl  alccjhoh  This  latter,  when  treated  w  ith 
sulphuric  acid  and  potassium  dichromate,  yields  artificial  vanillin,  a 
body  identical  with  that  obtained  from  the  vaniUa  bean.  It  h  now 
manufactured  ofi  a  large  scale, 

Convolvulin,  CjiHg^jOi^,  is  the  active  principle  of  jakp— a  resinoos 
mass,  soluble  in  alcohol  and  alkalies.  Jalapin,  Cj^Hj^Om,  exisiB  villi 
the  above  in  jalap* 

Digltalin  is  a  pcisonous  substance  e.\isting  in  common  fox-glove; 
it  forms  an  amorphous  powder  having  an  intensely  bitter  taste^ 

It  is  readily  soluble  in  water  and  absolute  alcohol.  Three  gluoKiitlc 
principles  have  been  described  as  occurring  in  digitalis— digitaleio, 
digitonin,  digitalin,  Digitalein,  whose  formula  is  QH^Oj,  occur 
as  a  yellowish,  amoq:jhous  powder,  freely  soluble  in  water  and  alcohali 
It  is  said  to  combine  the  properties  of  digitahn  and  diguoxiu* 
Digi toxin,  CjiHj^O^,  is  a  white,  crystalline  body  of  a  bitter  taMe, 
readily  soluble  in  chloroform,  but  insoluble  in  water,  WTien  subjccJed 
to  hycbolysis  it  does  not  yield  sugar,  but  other  products, 

Esculm,  CisHiflOj,  and  csculetin,  QHj^O^,  occur  in  the  bark  d 
the  horse-chestnut  tree;  sjjaringly  soluble  in  cold,  more  freely  in  hot 
water;  are  crystalline  and  have  a  bitter  taste, 

Fraxin,  C^- 
nut  trees,  and  forms  colorless,  needle-like  crystals^  soluble  in  water, 
furnishing  a  bitter,  fluorescent  s4)Iutlon. 

GlycyrrhiziB,  or  licorice-sugar,  C^H^O^,  is  the  sweet  jinna- 
ple  of  licorice.  It  is  a  yellow,  amorphous  powder,  having  a  sw«tf-j 
acrid  taste.  It  Ls  soluble  in  water  and  alcohol.  Acids  split  it  iQl*i  *  ] 
sugar  and  glycyrrhetin. 

Helleborin,  CagH^jOft,  is  found,  together  with  helleborein^  C^Hn- 
Ojfl^  in  the  root  of  green  hellebore.    It  is  insoluble  in  watar,  aB<4  j 
forms  glistening  needles.    It  is  a  jxjwerful  poison.  \ 

Indicani  Cj^H^j^N^Og^,  occurs  in  all  plants  yielding  indlgn.    It  is  * 


..^jHaeOj,  is  found  in  the  bark  of  the  ash  and  horse-cb^t- 
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pale  broiVTi,  sjTupy  liquid,  having  a  bitter  taste.  When  allowed  to 
ferment,  or  when  treated  with  diluted  adds,  it  forms  indigo-blue  and 
indiglucin,  a  form  of  sugar.  Indigo  has  b€^en  prepared  synthetically 
from  cinnamic  acid,  which  may  be  prepared  from  toluene.  A  sub- 
stance called  indican  is  found  id  the  urine,  but  this  is  not  identical 
with  plant -indican. 

Picrotoxin,  Ca^Hj^Oja,  colorless,  lustrous,  bitter  needles,  obtained 
from  the  fruit  of  Afuimirla  pankuiuia.  It  reduces  alkaline  copi>er 
solutions.  It  has  an  intensely  bitter  taste,  and  is  soluble  in  alcohol 
and  in  water.     It  is  employed  in  medicine. 

Populin,  C^^HfiC^i,  occurs  with  salicin,  in  the  bark  and  leaves  of 
the  asijcn.  It  forms  small  prbms  having  a  sweet  taste.  Boik*d  with 
barium  hydroxide,  it  yields  salicin  and  benzoic  acid, 

Phloridzia,  Cj^H^Oi^,  2H3O,  occurs  in  the  rootbark  of  the 
apple^  plum,  pear,  and  cherry  trees,  and  h  soluble  in  alcohol.  It  k 
^tuble  in  hot  water,  from  which  it  crystallizes  in  silky  needles  having 
a  bitter  taste.  Boiled  with  diluted  acids,  it  yields  glucose  and  phlo- 
retin.  When  given  either  by  the  mouth,  or  injected  subcutaneously 
or  intravenously,  it  causes  an  artificial  glycosuria.  The  urine  is 
found  to  contain  from  five  to  fifteen  per  cent,  of  glucose,  without  any 
of  the  other  signs  of  diabetes.  It  is  used  in  physiological  experimenta- 
tii*n  to  produce  an  artificial  glycosuria, 

PolychroVte,  C^gH^Oia,  is  the  coloring  matter  of  saffron^  and  forms 
an  amoq>houSj  deliquescent,  niby-red  mass* 

Quercitnn,  C^H^O^^  or  flavin,  C^H3„Oi3,  occurs  in  tea,  quercit- 
ron, sumach,  grape- wine,  catechu,  etc.  It  is  slightly  soluble  in  water, 
soluble  in  alcohol,  and  forms  small,  yellow  cr)'^stals,  which  may  be  par- 
liaily  sublimed  in  beautiful  yellow  neerJles,   It  b  colored  green  by  FCjCl,|, 

SaUcin,  saliclnum  (U.  S*  P,),  CuHigO^,  has  already  been  described 
ider  salicylic  acid,  q.  v. 

Santonm^  santonintim  (U*  S.  ?,),  C,iHt(jO|,  is  a  glycoside 
ith  acid  properties  obtained  from  Arkmhta  pauct flora.  It  cr^'stal- 
in  colorless,  tasteless,  odorless,  rectangular  prisms,  which  turn 
yellow  on  exposure  to  the  light.  It  is  sparingly  soluble  in  hot  water, 
alcohol,  and  ether,  and  insoluble  in  cold  water.  Patients  taking 
santonin  excrete  (he  coloring  matter  by  the  urine,  which  assumes  a 
yellow  color,  which,  on  treatment  with  an  alkali,  changes  to  cherry- 
red  or  crimson.  This  color  is  discharged  by  an  acid.  The  coloring 
matter  is  also  deposited  in  various  other  tissues,  and  when  a  patient  is 
"  ing  large  doses  objects  appear  green  from  the  staining  of  the  tissue 
of  the  eye* 

Saponin,  C^Hj^O,^,  occurs  in  quiUam,  or  soap-tree  bark,  and 
other  plants.    It  is  soluble  in  water  and  alcohol.    Its  solution  behaves 
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like  soap  solutions*    It  b  poisonous,  but  tt  is  sometimes  added  to 

Mxla-wuter  to  produce  a  permanent  frolh.     Its  dust  causes  sneezmg, 

Solanin,  C^jH^NOj^,  occurs  in  sprouted  potatoes.  It  is  a  glu- 
coside;  soluble  in  alcohol,  nearly  insoluble  in  water,  and  forms  gum- 
like  salts.  It  breaks  up  by  hydrolysis  into  sugar  and  a  base,  solani^ 
dincj  which  retains  the  poisonous  properties.  Cases  of  poisoning  have 
occurred  from  eating  sprouting  potatoes,  especially  from  cooking  thera 
with  the  skins  on. 

Strophantlim,  C^I^Ojot  is  a  glucoside  obtained  from  stro- 
phanthus,  in  the  form  of  white,  bitter,  crystalline  plates;  slightly 
soluble  in  water,  soluble  in  alcohol,  and  insoluble  in  ether,  carbon 
disulphide,  or  benzene* 

The  tanmns  form  a  group  of  glucoside  acids  found  widely  j 
distributed  in  plants.  They  are  soluble  in  water^  have  an  acid  reac- 
tion, an  astringentj  bitter  taste,  and  form  an  ins^jluble  compound  with 
gelatin  and  albumin.  They  unite  with  animal  skin,  forming  leather* 
With  ferric  salts  they  form  blue-black  or  green  precipitates.  They 
are  used  in  the  preparation  of  inks,  in  dyeing,  and  in  tanning,  ■ 

Gallotaimic  acid^  acldum  tannicum  {U.  S.  P.^  Br.),  C^^BjOj,-  ' 
COOHj  a  monobasic  acid,  occurs  in  oak -bark,  nul-galls,  sumach,  and 
iiome  other  plants,  in  considerable  quantities.  It  may  be  extracted 
with  a  mixture  of  ether  and  alcohol.  It  is  an  amorphous,  shining 
mass.  Ferric  salts  give  with  it  a  bfuish-black  precipitate  (ink) ;  Uutir 
emetic,  a  white  one.  It  precipitates  starch,  gelatin,  albumin,  atid 
most  alkaloids.  Its  watery  solution  decomi>oses  when  ejcposed  to 
the  air  for  some  lime,  yielding  gallic  acid.  Diluted  mineml  adds, 
when  boiled  with  it,  give  gallic  acid  and  dextrose. 

Quinic  or  quinotaimic  acid,  QHijOa,  occurs  chiefly  in  cinchona* 
barks  as  a  salt  of  quinine,  but  is  also  found  in  the  bilberry  and  coff^ 
bean.  It  occurs  as  oblique,  rhombic  prisms.  It  is  soluble  in  water. 
On  dry  distillation  it  yields,  among  other  products,  benzoic  acid  and 
phenol. 

Other  tannic  acids  are  known,  as  caffetanmC|  of  coffee;  querci- 
tannic,  of  oak;  catechu  tannic,  of  catechu;  klnotamiic,  of  kimt 
eic,  which  vary  slightly  in  properties  and  composition  according  to 
their  source. 


THE  PROTEINS. 

The  proteins  are  a  group  of  highly  complex  compounds  of  carbon, 
hydrogenj  oxygen,  nitrogen,  and  sometimes  sulphur  and  phosphorus, 
forming  the  chief  part  of  the  solid  constituents  of  blood,  muscfc 
lymph,  glands  J  and  other  organs  of  animals,   and   also   found  in 
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plants,  principally  in  the  seeds*  They  are  the  principal  substances 
LaiLing  pari  m  the  chemical  changes  in  the  organism,  and  constitute 
the  physical  basis  of  life.  They  are  mostly  colloid  (not  crystalline), 
do  not  readily  diffuse  through  animal  membranes,  and  are  ver>^  prone 
to  decomposition.  They  all  contain  some  ash,  mostly  in  the  form  of 
calcium  phosphate.  Independent  of  the  ash,  they  have  about  the 
following  composition: 

(Carbon, , .,,-,--,,,.,.-<--  50    1054    percent. 
Hydrogen , - 6.7  lo    7.6        " 
Niirogcn,-,... .._.- 15     to  18  ** 

Oxygen, *..,..,..--. , . 21     to  36  ** 

Sulphur,--.-.-,,.,,,..- .--  0.410  1.6  ** 
GENERAL  PROPERTIES  OF  THE  PROTEINS, 
Solubility,— Most  proteins  are  insoluble  in  alcohol,  some  are  soluble 
in  water^  others  insoluble.  Some  of  those  insoluble  in  water  are  sol- 
uble in  weak  saline  solutions.  Some  are  insoiuble  in  concentrate*! 
saiioe  solutlonSj  while  others  are  soluble.  All  proteins  are  soluble 
with  the  aid  of  heat,  with  more  or  less  decomposition,  in  concentrated 

I  mineral  acids,  caustic  alkalies,  and  acetic  acid.  Most  of  them  are 
pliable  in  the  gastric  and  pancreatic  juices,  but  they  undergo  chem- 
ical change  during  solutjon. 
Heat  Coagulation,— Many  of  the  proteins  which  are  soluble  in 
water  or  NaCl  solutions  are  rendered  insoluble  when  these  solutions 
are  heatc^i  to  near  the  boiling  point.  This  precipitation  is  termed 
coagulation*  The  temperature  at  which  the  proteins  coagulate  is 
fairly  constant  for  the  same  substance,  and,  as  different  proteins  coag- 
ulate at  different  temperatures,  this  method  may  be  employed  for  the 
separation  of  mixtures  of  different  proteins.  Unless  in  ven^  concen- 
trated solutions,  they  are  not  coagulated  by  heat  in  alkaline  solutions, 
but  are  converted  into  alkali- protein.  Acid-protein  does  not  form  so 
readily  as  alkali- protein,  and  hence  slightly  acidulated  albumin  solutions 
coagulate  readily  when  heated.  An  excess  of  acid,  however,  dissolves 
the  precipitate,  thus  forming  an  acid-protein.  The  temperature  of 
coagulation  of  the  different  proteins  varies  between  73°  and  84°  C. 
(163.4°  and  183.2*^  F,)  for  albumins,  and  between  50*^  and  75°  C,  (122° 
and  167°  F.)  for  globulins. 

All  the  proteins  are  levorotator^'.     If  pure  and  in  solution,  they 
may  be  detected  and  estimated  by  flieir  specific  rotator)'  power.    The 
specific  roiator^^  power  of  serum-albumin  is  — 56;  egg-albumin,  — 35; 
^lenim-globulin,  ^-59. 7 » 
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CORSTITUTIOIf  OF  PROTEIHS. 

So  far  as  at  present  known,  all  proteins  can  be  broken  up  by  hj-drolysis 
into  a  considerable  number  of  amino-acids  and  their  derivatives.  This 
hydrolysis  is  usually  accompli  shed  by  beating  with  water  and  either 
aikalies  or  mineral  acids.    It  may  also  be  accomplished  by  certain 

•  cnz^-mcs,  and  especially  by  tn^psin. 
The  word  "protein,"  then,  is  used  to  designate  a  group  of 
substances  which  consist  essentially  of  combinations  of  amino- 
acids  and  their  derivatives*  The  foUowing  is  a  list  of  these  cleavage 
products  of  proteins  thus  far  isolated.  For  convenience  they  have  been 
^ven  simple  names  which  do  not  express  their  constitution;  we  therefore 
give  these  names  followed  by  the  true  chemical  names. 


|(A)  Open-chain  mon-amino-acids : 


1.  GlycocoU,  Glycin,  oramioo-acedc  add:  CH,(NlIj)CO*OH. 

2.  Al^nui,  or  amino-pttipionlc  acid:   CH,  ,  CH(NHj)  ,  CO  ,  OH. 

3.  Valin,  or  am ino^iso valeric  acid:  (CH^  ..  CH  .  CH(NH,)CO  .  OH. 

4.  Leuciii,  or  isobutyl-amino  acetic  add:  (CHJ, ..  CH  .  CH,  .  CH(NH,)CD  , 


f: 


OH. 

lao-Leticin,  or  probably  Bcta-amino-capnoic  add. 

5.  Serin,  or  alpha-amino-bcU-hvdnMy-piopiomc  add: 
CO  .  OH. 

6.  Amino-tetrAhydroxy-cftproic    acid :     CB}(OU)  . 
CH(OH)  .  C  n(NH,^  .  CO  .  OH  .. 

7.  Aspartic  acid,  or  aitiino-succlnic  acid:  HO .  OC  *  CH| . 
OH. 

S^  Glutamic  actd,  or  ammo-glutaric  acid:  HO.  OC  ,  CHj . 
p.  OH. 

9,  Amino-hydrorf-succinic   add  i    HO  ,  OC  .  CH(OH) . 

mh 

10.  A  mino-hjdnixy-subcric  acid :  HO .  OC .  CH(OH) .  (CH,)* .  CHCNHj) . 
CO .  OH. 


-S^ 


HO  .  CH,  .  CH(NHj)  . 
,  CH(OH)  .  CH(OH)  . 

.  CH(NHa) .  CO  . 

.  CH,  .  CH(NH,)  . 

.  CH(NHj)  .  CO  . 


^ 


(b)  Open-chain  dlamlno-acids : 


I.  Diamino-propionic  acid :  CHjfNH,^  ,  CHfNH,)  .  CO ,  OH. 
12.  Ljsin,  or  iJiammoKraprcjic  acM;    CH,(NH,) .  (CHj)^ .  CH(NHi)  .  CO  , 


CCNH,)  . 


OH, 

15.  Afginli],  or  Guaoidin-amino- valeric  ackl:  (NH)  . 
CH^NHj)  .  CO  .  OH, 

Omithii],  or  Diamitll:^- valeric  arid^  a  derivative  of  argliun. 

14.  Dtammo-tnoxy-dodecanoic  acid :  CuHj^^Og- 

15.  Dtamuio-glutaric  add:  CjHi^jOt. 

16.  Diamtno-adipic  acid :  C^H,j>fjO|. 

17.  Diammo-dibydroiy-suberic  acsd:  C^Hj^NjOi. 
iS.  IHamino^ojry^sebacic  acid :  CioH^'jO^, 
ig.  Caseanic  acid  :   r\Hj|N,0^, 
3o.  Case  inic  acid :  C|]H|^iO[. 
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(B)  Closed-chain  amino-aclds : 

21.  Histidin,  or  Amino-imtdo-ajeoJ  propbuic  add;  CgHtNaO^. 

3s.  Prolin,  or  Pyrrtilidin-carbojtviic  actd;  C^H^'O,. 

23.  Hydro xy-prbl in,  at  Hydroxy-pyrrulidin  carboxylk  add:  QHtNO^ 

^4.  Phenylalanine  or  Phenyl-amiiio-fin>pbdc  add':  QHtiNO^, 

25.  Phenyl-ethylaniiii:  C^HjiN* 
— 36.  Ty rosin ^  or  H>  drox)- -phenyl-amino  prtipioaic  acW:  QH,|NO,. 

27.  Tryptophan,  or  Indol-amino-propionic  acid:  CjjH,jNjOj, 

2K  Ammonia;  NHj. 

29.  Cy8tin;  QHuONjSj,  Two  distinct  varieties  are  kriown,  called  prtkm 
cystin  and  sionc  cysiin. 

The  results  of  hydrol\-sis  show  that  the  variom  proteins  are  chiefly 
composed  of  the  above  units  combined  in  varying  proportions.  In 
some  of  them  one  or  more  of  these  units  are  missing,  while  others  are 
present  in  larger  amounts.  This  is  shown  in  the  following  table  givin| 
the  result  of  the  hytlrolysis  of  a  few  selectetl  proteins,  based  upon  100 
grms.  of  ash-free  dried  material. 

The  acids  obtained  seldom  account  for  more  than  70  per  cent  of 
the  protein  used.  There  are  other  decominosition  products,  which  ap- 
pear as  syrupy,  noncrystallizable  substances  of  unknow^n  composition. 


AMINO-ACIDS  FORMED  BY  ITTDROLYSIS  OF  A  FEW  OF  THE  COil- 

MON  PROTEINS. 


ClycocoU 

Alan  in.....*., 

Valin... , 

Leucin..., 

Isoleunn....*. 
Phenylalanin  , 
Tyrosin... .-. . 

Serin ...... 

Cystin.,..,.,. 
Proline.,,,,.. , 
Hydroxy  prolin 
Aspartic  Add. 
Glutamic  Acid 
Tryplophan. . . 

Ar^nin 

Lysin ... , , 

Histidin...., , . 
Ammonia 


Sebuu- 


o 

20.0 

0.6 

I.O 

3-1 
7-7 


Eoc- 


o 

a.  I 

7'^ 

4.4 

0.2 

2.25 

»s 

S.O 


SEftUlt- 
OLOBt^- 


3S 

2.2 

+ 

1S.7 

0.7 

+ 


GLumK 

rftok 
Wmwt, 


0.02 
a,oo 

O.J  I 

5^61 

I«20 

0.13 
0.4s 
7,06 

0*58 

37-33 
+ 

0*61 


Ltcp- 


1.0 
2.8 

T.O 


2-3 

4.0 
16,3 

4.6 

I.I 


Oi5£]JI 

or  Cem^ 


0,0 
09 

3** 

O.J3 
0.06 
3-1 

II.O 

IS 
S-So 

2*sg 
1.60 


Gtu- 


16.S 

04 
0.0 
04 

r» 
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GENERAL  REACTIQlfS  OF  PROTEIHS. 

1.  XflBthoproteic  H^action,— Heated  with  strong  RNO,,  they  and  theif 
L  folutioos  mm  yelbw^  and  deepen  into  an  orange  color  on  adding  NH^OH,  NaOl^ 
|.«rKOH.     If  proteins  be  prcseni  (except   albumosea  and  peptones)  a  wlute  or 

ydlom  precipiUte  \s  ^w^ys.  obtained  oa  adding  the  acid. 

2,  Miilon*s  Reactioo^— If  a  few  drops  of  Millon's  solution  be  added  to  a  solu- 
tion of  the  proteins,  a  white  precipitate  occurs,  which,  on  heating,  becomes  brick- 
red  in  color.  If  they  are  present  only  in  tmces  no  precipitate  h  obtainedp  but  the 
solution  is  colored  red* 

MiUoii*S  reai^iit  is  prepared  as  follows f  One  part  by  weight  of  mcrruiy  ttnd 
two  of  strong  HNO,  are  miKd  and  gently  warmed  until  the  mercury  is  dissolved. 
The  solution  is  diluted  with  twice  its  volume  of  water^  and  the  precipitate  allowed 
to  settle. 

^.  Adamkiewicz'fl  Reactioa-^^Add  an  e;cc€ss  of  gbeial  acetic  add,  and  then 
concentrated  H^SO,*  A  violet  color  with  a  fctble  fiuorescence  is  formed  if  proteins 
ave  pfiescn£«     This  reaction  is  not  delicate. 

4.  liftbennAiui^s  Reaction, — When  albumin  is  precipitated  with  alcohol  and 
wii^bcd  with  etbeft  it  ^ves  a  deep  violet  color  when  heated  with  HCL 

5.  Biuret  Reactuui. — When  mked  with  an  excess  of  a  strong  solution  of 
KaOH,  and  one  or  two  drops  of  a  diluted  solution  of  CuSO,  be  addetl,  a  nolet 
cdcr  IS  obtained^  which  deepens  in  tint  on  boiling.  In  presence  of  albumoses  and 
piplone$9  the  color  Is  roae-red  with  ROH  and  reddish -violet  with  NH^QH, 

The  above  tests  serve  to  delect  traces  of  proteins,  and  depend  upon  the  develop* 
mejit  of  colom  The  following  reactions  depend  upon  tbe  precipitation  of  the 
pffotein  from  its  solution. 

6.  Make  the  fiuid  strongly  add  with  acetic  add  and  add  a  few  drops  of  a 
solution  of  K,Fe(CN),.  A  precipitate  sho^-s  the  presenoc  of  proteins,  except 
peptones  and  some  forms  of  albumose. 

7.  Render  the  duid  strcmgly  acid  with  acetic  add,  and  add  an  equal  volume 
of  ^  concentrated  solution  of  NajSO^,  and  boiL  This  precipitates  all  proteins 
cscept  peptones*  This  t^t  is  useful  because  it  effects  a  very  complete  separation  of 
pr^dns,  except  prptooes,  and  the  reagent  employed  does  not  Inlerfere  with  other 
tests  which  are  likely  to  be  performed  upon  the  solution,  aficr  the  remo\-al  of  the 
pn^iteitis  bf  filtration.  It  ts  therefore  useful  to  separate  albumin  from  folu lions 
Defore  testing  for  sug^. 

8.  The  lollowuig  precipitate  all  proteins:  Tannic  add  in  the  presence  of  a 
faint  exce&s  of  acetic  acid;  double  iodide  of  mercury  and  potassium  with  a  slight 
exce$ft  of  HCI  (Brticke^s  reagent);  phosphotungstic  acid  in  the  pie^nce  of  a 
Ctmsiderable  exce^  of  HCL  \'anous  neutral  salts,  more  particularly  ammonitun 
mlphate,  jdnc  sutphate,  and  magnesium  sulphate ^  have  been  employed  for  the 
predpitatiot]  and  separation  of  the  several  proteins. 


CLASSIFICATION  OF  THE  PROTEHfS, 
Since  the  constitution  of  the  proteins  15  unknown  we  can  not  base 
a  classifjcation  on  this  property,  as  we  do  in  most  organic  and  Inorganic 
substance.  There  has  been  much  confusion  tn  the  mimenclature  of 
rfie  proteins,  which  led  the  American  Ph^-siologicaJ  Society  and  the 
American  Society'  of  Biological  Chemists  to  attempt  a  s^-stematic  nomen- 
cktuitr,  which  is  as  follows:  By  this  system  the  proteins  are  divided 
into  three  groups:  Simple  Pr&teinSf  Conjugated  or  Compound  ProkinSj 
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and  Derived  Proteins,     The  term  '*proteid*'  k  abandoned  to  xToid 
confusion. 

Geoup  L— Simple  Proteins. 
The   simple    proteins    include    seven    sub-groups.     These   simpk 
proteins  yield  on  hydrolysis  only  a/^/w  amino-acids.     They  arc  essen- 
tial Jy  those  heretofore  classed  as  miiive  proteins^ 

1,  Altiuznins^  or  simple  proteins  soluble  in  water  and  in  weak  saline 
solutions.  Their  solutions  coagulate  on  heating  and  arc  not  precipiiaid 
by  saturation  with  NaCl  or  MgSO^. 

2.  Globulins,  or  simple  proteins  insoluble  in  pure  water,  but  soluble 
in  one  per  cent,  salt  solutions,  coagulable  by  heat,  and  easily  soluble 
in  dilute  acids  and  alkalies.  They  are  almost  completely  pitscipitaie<l 
from  their  solutions  by  saturation  with  NaCl,  MgSO^  Na^O^  and 
other  neutral  salts, 

5,  Glutelins,  or  simple  proteins^  mostly  of  vegetable  oogin,  as 
glutinin  of  wheat,  insoluble  in  all  neutral  solvents,  but  readily  soluble 
in  very  dilute  acids  and  alkalies, 

4.  Alcohol-soluble  proteins,  soluble  in  70  to  80  per  cent,  alcohd, 
insoluble  in  water,  absolute  aicuhal,  and  all  neutral  solvents,  Mi^tly 
vegetable  proteins. 

5,  Sclero-proteins,  or  Albuminoids,  are  simple  proteins  whidi 
are  very  insoluble  in  all  neutral  solvents,  as  coUagenj  keratin^  chitin^ 
amyloid,  etc* 

6,  Histones. — Simple  proteins,  soluble  in  water  and  insoluble  in 
very  dilute  ammonia;  in  the  absence  of  ammonium  salt^  they  art 
precipitated  from  their  solutions  by  ammonia.  They  vield  precipitates 
with  solutions  of  other  proteins,  coagulate  with  heat,  the  coagulum 
being  easily  soluble  in  dilute  acids.  They  yield  a  large  number  of  amino* 
acids,  among  which  the  basic  ones  predominate.  They  therefore 
behave  like  bases. 

7.  Protamins, — Simpler  proteins  than  the  above.  The)^  are  soluhle 
in  water,  do  not  coagulate  with  heal,  precipitate  aqueous  solutiotis  of 
other  proteins,  have  strong  baste  properties,  and  form  stable  salts  with 
the  mineral  acids. 


Groctp  n. — Conjugated  or  CoMPOtJtm  pRcyrEms, 

These  contain  a  protein  molecule  combined  with  another  molecule 
or  molecules,  not  as  a  salt  They  are  analogous  to  the  glucosjdes  in  tliis 
respect. 

k  I.  PTucleoproteins  are  compounds  of  one  or  more  protein  molecub 

L^with  nucleic  acid. 
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3.  GlycopTOteids  are  compounds  of  a  protein  with  a  substaDce 
containing  a  carbohydrate  group,  with  no  nucleic  acid. 

J,  Phosphoproteins  are  compounds  of  a  protein  moIecuJe  with 
some  phrpsphoru.S'Cunfaining  substance  other  than  nucleic  acid;  as 
lecithin. 

4.  HemoglobinSr  or  Chromo-proteins;  are  compounds  of  a  protein 
with  a  pigment  substance, — hematin* 

L5,  Lecithoproteias  are  compounds  of  a  protein  with  lecithin. 
Group  UL— Derived  Proteins, 
Primary  Protein  Derivatives^  or  those  apparently  formed  by 
hi  b^-drolytic  changes   involving  slight  alterations  in  the  protein 
naoiccule. 

1.  Pfoleajis  are  insoluble  products  resulting  from  slight  action  of 
water,  dilute  acids,  or  enzymes* 

2.  Metaproteiiis  are  those  derivatives,  ho-etofore  called  album- 
inates, furmeil  by  the  action  of  weak  acids  and  alkalies  on  the  proteins. 

3.  Coagulated  Proteins  are  insoluble  products  formed  from  proteins 
by  h^t,  or  the  action  of  alcohols, 

K         Secondary  Protein  Derivatives, — 

^^       I.  Proteoses,  or  Albumoses,  soluble  in  water,  uncoagulated  by 

^Ujigl^d  precifiitated  by  (NHJ^O,  and  ZnSO,. 

^'^^^llPeptoneSt  soluble  in  water,  not  coagulated  by  heat,  not  precipi- 
tated by  saturation  with  (NHJ^O^  or  other  neutral  salts, 

3.  Peptids,  definite  chemical  compounds  of  tvb^o  or  more  amino- 
adds. 


OHOtTF  h 

Senjm-albumtn   exl^u  in 

in  mitk*     In  certain  renal 


SIMPLE  PROTEIMS- 

IjIimhI,   chyle,   lymph,   and    in   small 
diseases  it  api>ears  in  I  ho  urine, 
lis  neutral  stilutiuns  arc  hciited  to  about  73^  C  (<*^34^  F')^  it 
cxiifBlalr?i  to  a  flocculcnt  precipitate^  whichp  when  dried,  forms  a  com- 
pact, amorphous  mass. 

Its  sohjtbns  have  a  specific  rotatory  power  of  — 56^  Strong  min- 
oil  adds  first  prccipitale  it,  then  dissolve  the  coagulum*  It  is  not 
pf«C^)itated  hf  acetic  acid  alone,  but,  when  acidified  with  this  acid, 
polajthtni  frrrocyanide  and  fcrricyanide  ojagulate  it. 

It  may  l>e  obtairietl  from  blinxl -serum  by  saturating  it  at  36°  C< 
(^ftJS*  F.)  with  MgSO|,  which  j precipitates  the  globulin.  The  filtrate 
btttitiatcd  with  (NHJ^SO^  al  alHiul  40"*  C.  (104^  F),  which  prctipi- 
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lates  the  serum-alb  urn  in,   containing  small  quaiitities  of  sail. 
obtain  it  pure,  this  precipitate  is  suspended  in  water  and  submitted  to 
dialysU. 

Pare  serum -albumin  is  a  white  or  pale-yellow,  amorphous  subsitanc^.H 
dissolving   readily   in  water,   forming  a  slightly  alkaline,  opalescent™ 
liquid,  slowly  coagulating  at  about  73^  C  (163.4°  F*).     It  is  not  pre- 
cipitated by  ether,  and  with  difficulty  by  alcohol, 
"^   Egg-albumin  is  found  in  the  white  of  eggs,  and  differs  from  the 
"    above  in  being  almost  insoluble  in  nitric  and  hydrochloric  acids,  and 
is  precipitated  by  alcohol  and  ether.     Its  specific  rotatory  fK>wer  b 
less  than  that  of  senim-albumin,  being  — 35.5°. 

White  of  egg  is  a  semifluid  substance,  situated  between  tlie 
shell  and  the  ovTjm  proper^  or  yolk.  It  is  permeated  by  a  network 
of  fibrillated  matter.  This  net%vork  b  insoluble  in  hot  water,  dilute 
alcohol,  and  acetic  acid*  The  liquid  is  alkaline  in  reaction,  and 
especially  rich  in  proteins,  containing  about  12.2  per  cent,  as  a  mean, 
\ttrying  considerably  in  different  eggs  from  11  to  13  per  cent.  It  has 
the  following  composition:  Water,  82  to  SS  per  cent.;  solids,  about 
13.3  per  cent/;  proteins,  about  12*2  per  cent,;  sugar,  about  0,5  per 
cent;  fats,  alkaline  soaps,  lecithin,  and  cholesterin,  about  0.66  per 
cent,    (Lehman.) 

Vegetable-albunim  occurs  in  small  quantity  in  most  vegetable 
juices-  It  shows  the  same  general  properties  as  the  other  albumios^ 
but  contains  less  sulphur. 

The  Olobuliiis. — The  globulins  differ  from  the  albumins  in  being 
msoluble  in  water,  but  soluble  in  sodium  chloride  solution  (one  p^ 
cent*).  With  the  exception  of  vitellin,  they  are  all  precipitated  by  satu* 
rated  solutions  of  the  same  salt.  They  are  soluble  in  very  dilute  HCl 
(i  part  in  1000  being  sufficient),  with  production  of  acid -albumin. 

Egg-£lobiilin  occui^  in  the  white  of  hens'  eggs  in  small  quantity,  ft 
constitutes  about  6*6  per  cent,  of  the  total  proteins,  or  0.677  P^*"  ^^^''  ^ 
the  egg- white, 

CrystaJlin  is  a  globulin  found  in  the  crystalline  lens,  in  which  it 
occurs  to  the  extent  of  24,6  per  cent.  In  dilute  saline  solution  it  rt)- 
agu lates  at  75°  C. 

— ^  Serum-globulin^  paxaglobuliiii  fibiinoplastin,  occurs  in  blood, 
chyle,  lymph,  and  serous  fluids.  Globulin  is  not  completely  precipitjit^ 
by  a  saturatefJ  solution  of  NaCl,  but  is  precipitated  by  alcohol,  or  by 
allowing  carbon  dioxide  to  bubble  through  the  liquid.  Its  dilute  saline 
^lution  coagulates  on  heating  to  75°  C.  (167°  F,), 
>  Fibrinogen. — This  globulin  is  found  in  bloixl-plasma,  together 
with  paraglobulin  and  serum -albumin-    It  is  also  foxmd  in  Aj^i 
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h-mph,  serous  fluids,  transudates,  and  hydrocele  fluid.  Dunug  the 
clotting  of  blood  it  is  converted  largely,  if  not  entirely,  into  hbrin.  It 
resembles  paniglobulin  in  its  general  prcFpoties,  but  is  distinguished 
from  It  by  the  fact  that  in  biood -plasma,  or  a  one  per  cent,  solution  of 
NaCl,  it  coagulates  at  52°  C.  to  56°  C.  (135.6*  F,  to  132.8^  R),  while 
paraglobulin  coagulates  at  75**  C.  (rd;*^  F,)*  It  is  also  readily  pre* 
ctpitated  by  the  addition  of  sixteen  per  cent,  of  NaCl  to  its  solution^ 
whereas  para  globulin  is  not  precipitated  untB  at  least  twenty  per  cent 
is  added, 

^  The  Glutenins:  Gluten* — The  fibrin-hke  body  formed  from 
wheat'flour  by  treatment  with  water,  and  from  which  the  starch  may  be 
washed  with  cold  water,  is  a  compound  or  mixture  of  two  proteins 
found  in  the  flour.  The  proteins  in  wheat  compose  about  10  per  cent 
of  the  weight  of  the  grain.  The  most  recent  investigations  show  that 
there  arc  fi\*e  different  proteins  present:  an  albumin^  letieosin^  exi^sting 
in  from  0.3  to  04  per  cent,  of  the  weight  of  the  grain;  a  globulin,  edestin, 
in  from  0.6  to  0.7  per  cent. ;  a  proteose  in  about  0.3  per  cent. ;  gliadin 
existing  in  4.25  per  cent.,  and  gluteain  in  4.5  per  cent,  of  the  grain, 
Gluten-fibriDp  or  gluten,  is  principally  made  up  of  a  mixture  of  the 
last  two  of  these  bodies.  Gliafiin  is  soluble  in  pure  water,  but  in  the 
pr^«nce  of  the  salts  of  the  flour  it  forms  a  sticky,  tenacious  mass,  which 
adheres  to  the  glutenin,  w^hich  is  insoluble,  forming  a  tough ^  glutinous 
mass,  inclijsing  starch  to  form  a  dough.  By  washing  or  kneading  this 
dou^  widi  cold  water,  the  starch  may  be  washed  out,  together  with 
the  other  proteins,  and  gluten  is  left.  Some  investigators  have  claimed 
the  presence  of  a  ferment,  while  no  one  has  ever  isolated  it,  and  some 
deny  its  presence  or  the  necessity  for  it,  in  the  formation  of  gluten. 
Glutei  is  soluble  in  weak  alkalies  and  adds,  and  it  forms  peptone  in 
gastnc  and  pancreatic  digestion. 

Zeln  is  a  fibrin- like  protein  found  in  maize  with  several  other 
proteins.     It  is  soluble  in  ordinary  alcohol, 

Sclero-proteins  or  Albuminoids  are  a  group  of  suljstanc€s  found 
in  the  ligaments,  nails,  hoofs,  horns,  hair,  skin,  etc.,  of  mammals  and 
In  the  outer  covering  of  lobsters,  craljs,  shrimps,  etc.,  and  in  the  outer 
coveting  of  beetles  and  other  insects.  They  resemble  the  true  proteins 
in  some  particuiars,  but  are  attacked  by  the  digestive  ferments  with 
llfiiculty.  They  arc  found  in  mo^t  of  the  organs,  to  which  they  give 
and  solidit>% 

Most  of  these  bodies,  when  decomposed  by  dilute  acids  and  heat, 
yield  Icnicin  and  tyrosm.     Gelatin  furnishes  no  tyrosin. 

Collageil  is  the  name  given  to  the  substance  composing  the  white 

stk  tissue  of  the  skin,  tendons,  etc.     It  is  the  mother-substance 
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of  gelatin.  When  boiled  for  some  hours  with  water  it  forms  gelatiiL 
Collagen  and  ossein  seem  to  be  closely  o^llied  in  both  com|Kisition 
and  properties.  Ossein  h  the  protein  basis  of  bones,  and  is  converted 
into  gelatin  by  Ixiiling  with  water.  Embryonic  tissues,  when  boiled^ 
yield  mucin  und  chondrin  instead  of  gelatin.  Collagen  is  an  an^ 
hydride  of  gelatin,  and  the  latter  nmy  be  reconverted  into  collagen 
by  healing  it  to  130*^  C.  (266°  F,)-  Collagen  is  insoluble  in  water, 
alcohol,  salt  solutions,  and  dilute  sf>lulions  of  acids  and  alkalies. 

Gelatin,  Gelatinum  (U.  S.  P,),  in  the  pure  state,  is  a  colorle^  or 
slightly  yellowish,  transparent^  vitreous^  tasteless  mass,  the  air-drid 
product  of  the  hydrolysis  of  certain  animal  tissues,  by  bciiling  with 
water,  and  Is  therefore  a  derivative  from  cnllagen.  It  swells  in  cold 
water,  and  readily  dissolves  in  hot  water  or  glycerin,  forming  a  thick, 
viscid  solution,  which  gelatinizes  on  cooling.  Heating  to  140°  C. 
(2^4^  F,)  or  long-continued  boiling  desJrov-s  this  powder  of  gelatinizing. 
It  is  soluble  in  dilute  acetic  and  other  acids,  but  insoluble  in  alcohol^ 
ether,  and  the  oils.  Solutions  of  gelatin  dissolve  copper  oxide  with  a 
blue  color,  which,  on  boiling,  is  reducetl,  but  without  separation  of  mi 
oxide;  it  therefore  interferes  with  the  copper  test  for  glucose.  An  impun: 
gelatin  prepared  from  animal  refuse  (f>ones,  hides,  etc.),  when  in  tJiedi^ 
state,  forms  gluCi.  Li<{uid  glue  is  a  solution  of  glue  in  acetic 
acid.  Solutions  of  gelatin  are  precipitated  by  tannic  acid,  mercuric 
chloride,  alcohol,  and  chlorine  water,  but  not  by  acetic  acid  and  fxJtis- 
sium  ferrocyanide,  alum,  or  acetate  of  lead.  Saturation  with  MgSO^ 
or  (NHJjSO^  precipitates  it.  Gelatin  is  levorotator>*.  During  dig^ 
tion  or  prolonged  boiling  of  its  solutions  it  is  converted  into  gelitiu 
pcjjtones. 

Chondrin  exists  in  permanent  cartilages,  and  forms  gelatin  on 
bc^iling  with  water.  The  gelatin  from  this  source  differs  sli^tly  feom 
that  pre[.»ared  from  collagen  or  ossein. 

Elastin,--This  is  the  characteristic  component  of  elastic  tissoCt 
after  the  removal  of  gelatin,  mucin,  fats,  etc.  It  is  usually  prepared 
from  the  ligamentum  nucha*  of  the  ox,  which  is  cut  into  fine  slices, 
boiled  for  three  or  four  days  in  water,  and  then  for  some  hours  witii  a 
one  per  cent.  KOH  solution,  and  finally  with  water.  This  is  then  r^ 
pea  ted  with  10  per  cent,  acetic  acid,  and  finally  it  is  treated  for  tweoty^ 
four  hours  with  cold  five  per  cent.  HCl,  washed  with  water,  boiled  with 
ninety- five  per  cent,  alcohol,  and  extracted  for  at  least  tivo  weeks  with 
ether,  to  remove  the  fat.  There  is  left  a  pale  yellowish  powder,  in  which 
the  fragments  of  the  original  elastic  tissue  may  be  distinguished  under 
the  microsco[)e.  WTien  moist  it  is  yellow  and  elastic,  but  on  drj  tJig 
becomes  brittle.    It  may  be  digested  with  pepsin  or  trypsin,  and  is 
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readily  corroded  and  dissolved  by  papain,  wiiii  ihc  formatioa  of  hemi- 
elastin  (proto-eiaslose)  aiKl  dastu-peptOQe  (deutero^dastose), 

Keratin^^This  is  the  chief  constituent  of  hair,  iiaOs,  feathers, 
horns,  wings  of  beetles,  and  epidermal  structures  in  gencraL     It  is 
mUed^  however,  m  these  structures,  with  small  qiiandties  of  proteins 
and  cjther  substances,  from  which  it  may  be  freed  by  thojou^  extime-  i 
tion  with  water,  alcohol,  ether,  and  dilute  acids,  followed  by  dig^i^  ^ 
tion  with  pepsin  and  tripsin,  when  nearly  pure  keratin  remains.    The^ 
composition  of  keratin  Is  ciosely  allied  lo  that  of  the  true  proteins, 
but  it  is  not  digestible  either  with  pepsin  or  pancreatln. 

Neuro*ke ratio  is  an  allied  substance  found  in  brain-tissue. 

Reticulin  is  found  in  reticular  tissue.  It  differs  very  sUgbtly  from 
collagen. 

Chitill,  CuHj|N,0^  is  not  found  as  a  constitiieDt  of  any  mam- 
malian tissue,  but  is  found  in  the  exoskeleton  of  many  invertebrates. 
It  b  more  analogous  to  the  cellulose  of  plants  than  to  the  proteins. 
The  most  convenient  source  h  the  siiells  of  crat^  and  lobsters. 

Conchlolin  forms  the  of]gank  basis  of  the  shells  of  mu^els  aiKl 
snails. 

Spongin  is  the  chief  constituent  of  the  sponge. 

Fihrdm,  C^H^jN^O,,  is  the  chief  constituent  of  silk  and  Rider's 
web«  and  is  covered  with  a  glue  known  as  sericin,  which  is  soluble 
in  warm  soap-water. 

The  histicmes  iirr  a  group  d  protdn^  found  mostly  in  combinatioQ  trith  nudeic 
»fw4_  Tfaev  aiv  hasic  in  chamcteTf  ^rt  soluble  in  dUute  acids,  and  are  prcdpitaied 
from  this  salutkai  by  NHtOIL  Tbc  bodie^s  <tf  this  d^ss  best  known  aie  thymus^ 
lusApnc^  goomber-histone^  ttimo-hisoiic,  ^dus-hlstone,  etc,  which  have  been 
obtained  ff«n  6sb-«pawn, 

dobiiLf  the  protein  portion  of  the  hcmoglobii]  molecule,  also  hcigngs  to  th^diM 
of  bodies, 

Tlie  Ptotamins*— The  prpuuniiu,  like  the  histons^  oocnr  in  the  human  body 
in  C)OinhiiiaCi.:>ti  with  nycldc  adds.  They  aic  ba^yt  in  character  and  combine  witb 
acidi  Id  form  crysLailizable  salts.  They  are  ^1  toidcr  impair  the  coaguJability  of  ihc 
blood,  and  tatise  a  material  djmlxiyuon  of  leukocytes-  The  protamlos  thus  far 
sefMiaied  have  been  found  in  dsb-spa^ii  and  testicular  tise^ue-  Tbc  principal 
pfotamins  are  sainiiii,  obtaiDed  from  the  salmon;  sturin^  from  the  stuigeon;  cllt'^ 
litf  from  tbc  hcrmtg;  and  scomhfia,  from  mackcreL 
The  protaroins  contain  tio  sulphur,  less  carbon  and  more  nitiogcn  than  fhe 
€t  p7t>tetn&  Tbe  amino-acMs  are  in  less  amount^  and  omthin  atid  other  basic 
Its  an?  abundant,  gi^^ii^g  ihtm  an  adkaline  or  basic  character.  Tht^  aiv  toxic 
» animals. 


XiaridaceLii,  or  amyloid  matter.  Is  an  amorphous,  friable  nmss» 
ng  in  certaiEi  regions  of  the  body  as  a  pathological  product.     It 
seems  to  be  a  derivative  of  fibrin.     It  is  generally  found  as  little  trans- 
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parent  grains,  or  corpuscles,  somewhat  resemblmg  starch-granules. 
The  usual  locations  are  the  liver,  spleen,  and  kidneys.  It  gives  many 
of  the  pn^tein  reiictions.  It  is  stained  a  recldish-brown  color  ^iih 
iodine,  which  is  changed  to  a  violet  or  blue  tint  by  dilute  sulphunc 
acid.  Anilin-\iolet  stains  it  rose-red  or  violet  instead  of  blue.  Eosin 
stains  it  a  bright-red  color, 


GROUP  IL    CONJUGATE  OR  COMPOUND  PROTEINS. 

Kucleo-proteiJis, — This  is  a  class  of  compounds  composed  of  a 
protein  in  combination  with  nuclein.  They  resemble  the  globulins 
in  their  solubility*  They  are  found  in  the  living  ceUs,  more  especially 
of  the  glandular  organs,  such  as  the  thymus,  spleen^  liver,  kiduey, 
pantreas,  etc.  They  are  found  also  in  the  secretions  of  glands,  a^ 
the  bile  and  urine.  Their  solutions  have  a  viscid  appearance.  Tbey 
have  a  faint  acid  reaction ;  are  almost  insoluble  in  pure  water;  arc 
easily  soluble  in  faintly  alkaline  solutions,  from  which  solutions  to 
are  precipitated  by  acetic  acid.  The  neutral  or  alkaline  solution  is 
not  coagulated  by  b«>iling. 

They  may  be  Isolated  by  rubbing  up  the  minced  gland  wilh  3 
weak  alkaline  solution,  filtering,  and  precipitating  with  dilute  acetic 
acid*  The  nucleo- proteins  obtained  from  different  glands  differ  in  com- 
position, as  shown  by  the  cleavage  or  decomposition  products  when 
heated  with  mineral  acids  or  when  digested  with  acid  pepsin,  Tbe 
protein  portion  of  the  molecule  thus  separated  is  sometimes  albumin, 
sometimes  histone  or  protamin.  All  of  these  nucleo-proteins  leave  an 
insoluble  residue  on  peptic  digestion. 

This  residue,  when  bydrolyzed  with  adds,  jields  nucleic  acids,  of 
which  there  are  at  least  four  distinct  varieties. 

The  nucleins  occur  in  the  animal  body  only  in  the  form  of  nudeo- 
protein — 1,  e,,  in  combination  with  5;ome  other  protein.  They  anJ, 
therefore,  decomposition  products  of  nucleo-proteins. 

The  nucleins  are  insoluble  or  slightly  si^luble  in  water,  freely  sol* 
uble  in  weak  alkalies,  from  which  solution  they  precipitate  on  neutral^ 
izing.  They  may  be  prepared  from  yeast,  pus,  or  other  cells  by  diges- 
tion with  dilute  HCl  and  pepsin,  in  which  the  other  proteids  are  ^l- 
uble,  while  the  nuclein  is  left  as  an  ins*>luble  residue.  This  residue 
is  washed  with  water,  dissolved  in  weak  NH^OH  solution,  and  pvt- 
cipitated  with  a  weak  acid.  To  obtain  it  in  a  pure  state  the  precipi- 
tate is  again  digested  with  acid-pepsin  solution,  the  residue  dissolved 
in  NH^OH  and  again  precipitated  with  acid.  The  nuclein  is  thus 
obtained  as  a  white  powder* 
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Hucteic  AcMf. — ^Thcrc  arc  at  Ica.st  fuir  -iidiercnr  nui-iKr  ii-irir . 
They  are,  when  pure,  amorphous,  -vbiXR  p#:woer..  lai'-njr  m  ixJt^  r't- 
action.  Their  compcstioa  cfifers  arrjirtinjr  tii  :fic  kt^Kr-^,  %-,er. 
hydrolyzed  widi  mineral  adds  they  ail  Eve  i  zrjtjssn  ^>i;t>.  a  '-.arv>- 
hydrate,  one  or  more  purin  ba^es.  ami  piu/^pru.rx  ii.ifi_  Thje  frvJlr.**- 
ii^  formulae  give  an  idea  of  their  compGsitir.n: 

Kocleiiik  acid  from  salmon-eggs, ^  •H^^V.^O^  .  2p/v 

"       **     yast-cdls, ^ -H^'^V^ai .  2P/V 

-      -    paocreaa. ^  =iH^V»0« .  P/V 
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The  Gluco-proteins. — These  are  compounds  of  a  protem  and  a 

carboliydratej  and  contain  no  phosphorus. 

Mucin  occurs  in  the  cement-substance  of  connective  and  epitlielkJ 
tissues.     It  is  therefore  present  in  the  secretions  of  mucous  niembranes. 

It  B%vells  up  in  a  UlUe  wato-  and  dissolves  in  a  large  quantity.  lis 
solutions  do  not  coagulate  on  heating.  It  is  insoluble  in  alcohoj,  etfcer, 
chloroform^  or  gastric  juice. 

Its  solutions  are  precipitated  by  acetic  acid,  alum^  basic  acetate 
(subacetate)  of  lead,  and  ver>'  dilute  mineral  acids.  Its  solutions  dis- 
solve oxide  of  copper,  and  thus  hinder  the  copper  test  for  sugar,  when 
applied  to  solutions  containing  an  abundance  of  mucin. 

Mucoids,  or  Mucinolds. — Closely  related  to  mucin  are  certain 
substances  which  form  viscid  solutions,  but  which  differ  from  it  in  some 
minor  diferenccs  in  properties.  They  occur  with  mucin  in  submanl- 
lary  saliva,  in  intestinal  mucus,  the  vitreous  humor,  white  of  egg,  in 
the  umbilical  cord,  etc.  They  differ  from  the  true  mucins  in  IK)tp^^ 
cipitating  from  their  alkaline  solutions  on  the  addition  of  acetic  ac«l» 
or  the  precipitate  is  readily  soluble  in  excess  of  this  acid.  All  these 
substances  are  decomposed  by  dilute  acids  into  a  proteid,  and  a  carfao- 
hydrate  which  reduces  Fehling's  solution. 


Om' 


Biliary  mucoid  and  urinary  mueoid  re&emblc  mucin  in  appcamncr^  ^ 
therefore  are  often  c^ed  mucoid  substance. 

They  do  not  coagulate  on  boiling,  but  arc  precipitated  with  acids* 
gall  and  urine  contain  no  mucin,  but  the  mucilaginous  substa.nce  b  mucotd. 

Hyalogen,  obtained  from  the  \%^l  of  hydatid  cysts  and  other  tissues,  W 
paranaucin,  chondrin  (chrtindroitin  sulphuric  acid)  are  all  gluco-pToteins  ^ 
similar  behavior. 


i 


Phospho-p  rote  ins  p  also  called  pseudo-nuclethproteids  and  nmi&>^ 
albumins^  para-niiclcoprokidj  phospho-g/obtdinj  etc.,  arc  comfKJund:?ofa 
protein  with  a  nucleus  containing  phosphorus,  but  of  obscure  composi- 
tion, and  containing  neither  lecithin  nor  nucleic  acid.  Some  contaitt  a 
carbohydrate  group,  while  others  do  not. 

Casein,* — This  is  tlie  best  known  of  tlie  phospho- proteins,  ll 
is  die  chief  protein  of  cows*  milk  and  is  a  constant  constituent  of  ail 
mammalian  milks.  Casein  occurs  in  cows*  milk  in  a  state  of  colMal 
suspension,  shown  by  the  fact  that  it  can  be  filtered  out  by  passing  the 


♦  The  term  caseioo^en  was  applied  by  Haliburton  to  the  moihcr-substancf  ia 
miJk,  and  casein  to  the  preTipitatcd  product  forntKl  from  it  by  mnnpt-  This 
distinction  seemed  desirable,  and  was  adopted  in  the  previous  editions*  Now  thit 
our  knowledge  of  the  composition  of  these  bodies  is  more  perfect,  aud  because  ibc 
best  usage  dl^ards  this  temif  we  shall  abandon  the  term  caacinqgen. 


THE   PEOTEINS. 


499 


I 


milk  through  an  ungtazed  porcelain  ^ter,  and  may  be  salted  out  of 
the  milk  by  adding  NaCl  or  MgSO^  to  saturation,  or  by  the  addition 
of  freshly  precipitated  Ai3(OH}a  and  passing  the  mixture  through  a 
ilter.  A  ven*  large  part  of  the  white  color  of  milk  is  due  to  the  casein* 
catcium  comjxjund,  and  not  to  the  fat  alone. 

Pure  casein  is  insoluble  in  pure  water.  It  is  believed  to  occur  In 
tmSk  as  a  neutral  calcium- case  in  salt,  which  Is  easily  broken  up  by 
acids  or  acid  salts*  The  natural  calcium-casein  compound  does  not 
coagulate  on  boiling  the  milk,  but  if  suspended  in  pure  water  boiling 
coagulate  it.  The  general  precipitants  of  the  proteins  precipitate 
casein.  Casein  readily  combines  with  both  acids  and  alkalies  to  form 
dj^nite  compounds.  It  may  either  act  as  a  dilmsic  acid  or  as  a  base. 
It  can  form  neutral  or  basic  compounds.  The  addition  of  acid  to  milk 
aeems  to  break  up  the  calcium-casein  compound,  with  the  formation  of 
a  oUcium  salt  of  the  acid  used  and  the  precipitation  of  pure  casein  w^hen 
all  the  CaO  has  been  taken  up  by  the  acid.  On  adding  an  excess  of 
add  the  precipitat«i  casein  combines  with  the  acid  to  form  an  add 
caadsi  similar  to  acid-albumin,  excejit  that  it  is  ins<.)luble. 

Barmcasain  is  the  substance  produced  from  casein  by  rennet  or 
cfafBKisin.  Wlien  a  neutral  or  slightly  acid  milk  is  warmed  to  from 
35*  C.  to  40^  C.  with  rennet  or  neutralized  gastric  juice,  the  casein 
cl^ivage  into  whey  protein,  which  remains  in  solution,  and 
»,.  which  is  also  soluble,  but  which  forms  an  insoluble  com- 
[loand  with  the  calcium  salts  present  in  the  milk,  and  immediately 
|}fed|>ilates  as  curd. 

Whey-protein  resembles  the  albumoses  in  Its  properties,  and  is 
h€med  in  vcrj-  small  quantity,  the  prmcipal  part  of  the  casein  going 
to  form  J  paracasein. 

Fancasctli  rc^idily  combines  with  both  acids  and  bases.  The 
annpQiaJlds  with  the  alkalint!  hydroxides  and  carlx^nates  iirc  very 
iotuble,  while  tho^c  with  calcium^  barium,  strontium,  and  copper 
kjitrojiicles  are  hm^luble. 

The  compounds  with  acids  are  insoluble  in  watex^  or  in  five  per 
c«itt  NaCl  MiluLion.  Pure  casein  and  paracasein  arc  soluble  in  weak 
(fivepcr  cent,)  salt  solution  and  in  lime- water. 

The  alkaline  carbonate  bicarbonatcs,  and  hydroxides  prevent  the 
pfTcipitation  of  paracasein  by  rennet*  The  casein  of  human  and 
ol  court'  milk  diiTersi  in  ultimate  composition  and  in  behavior  in  peptic 
dtfceitlDiL  Humnn  paracasein  digests,  leaving  no  insoluble  residue, 
while  ciiw.-**  [Muacafleio  always  leaves  a  residue. 

Viteltin  occurs  In  the  yolk  of  egg*  Bunge  regards  vttellin  as  the 
raocher-subslaoce  of  hemogtot>in,  and  has  sugg^ted  the  name  or  hama- 
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togen*.  It  Is  a  white,  graniilax  body,  solubJe  in  dilute  NaCl  solutions^ 
and  not  precipitated  by  a  saturated  solution  of  the  same.  It  coagulates 
at  about  75°  C.  It  dissolves  readily  in  dilute  acid  (0,1  per  cent.)  and  in 
alkalies.  It  \s  precipitated  by  alcobol.  It  is  readily  soluble  in  a  one 
per  cent,  solution  of  NasCOj,  and  h  incompletely  precipitated  from  its 
solution  by  dilution^  but  completely  by  passing  a  stream  of  CO,  thitjugh 
it.     It  has  not  as  y^t  been  obtain^  free  from  lecitbin. 


Vitellln  may  be  prepared  from  egg-yolk  by  eirtractlon  with  successive  portfons 
of  ctlier  as  long  as  it  yields  any  color  to  the  solvent.  The  ether  is  evaporated  and  the 
residue  is  dissolved  in  the  smallest  possible  amount  of  eight  to  ten  per  reiiL  N*C1 
solution.  It  IS  precipitated  from  tms  soltillon  by  an  excess  of  water,  and  purified 
by  the  repetition  of  this  process*  The  operation  miuit  be  conducted  as  rmpdly  ai 
possible,  since  the  prolonged  action  of  water  renders  the  vilellin  insoluble  m  HifiCI 
solution.     Thus  obtained,  H  b  still  mUed  ^4th  a  small  amount  of  lecllMn* 

Ichthuttn  is  a  para-nucleo-protein,  very  similar  to  ovovitellin  from  hens*  tg^ 
found  in  the  eggs  of  fish.     It  is  peculiar  in  the  fact  that  it  occurs  in  crystalline  fofm^ 

The  Chromo-proteins,  or  Hemoglobins.— These  compound 
proteins  include  a  number  of  bodies  which  consist  of  a  protein  combineti 
with  a  coloring  matter,  and  from  which  a  pigment  may  be  separated. 
The  chromo-pmteins  unite  with  o^cj^gen  and  certain  other  gases,  espedaJly 
CO,  CO2,  HgS^  etc.  It  is  tiiis  properly  of  forming  a  feeble  union  wtb 
oxygen,  which  tliey  can  take  from  the  air  and  carry  to  the  tissual  whererer 
the  blood  circulates,  which  ha^s  led  to  the  application  to  them  of  the  ntme 
of  respiratory  proteins.  These  bodies  undergo  considerable  chan^ 
in  physical  proi">erties  when  they  unite  w^ith  the  various  gas^, 

Hemoglobin,  free  from  ox}'gen  or  COj,  occurs  very  sparingly  if 
at  all  in  the  blood.  Hemoglobin,  free  from  ox}^gen  (reduced  hemo- 
globin), occurs  in  the  red  blood -cells,  in  small  amount  in  arterial  blond 
along  with  oxyhemoglobin,  and  in  larger  amount  in  venous  blood  and 
in  the  blood  of  asphyxiated  animals.  Whether  the  oxv-^hemoglobin  iitid 
reduced  hemoglobin  of  different  animals  are  identical  or  not  has  no* 
Ijecn  settled.  There  seem  to  be  some  differences  in  them.  Hcmo- 
globin  is  more  soluble  than  oxyhemoglobin,'  It  can  be  obtained  m^ 
crystalline  form. 

A  solution  of  hemoglobin  may  be  obtained  by  conducting  hydro- 
gen or  other  indifferent  gas  through  a  solution  of  oxyhemogfobin 
or  bUx)d;  by  placing  blood  in  a  vacuum;  or  treating  blood  wiih 
reducing  solutions,  as  ammonium  sulphide,  or  a  freshly  prepard 
solution  of  ferrous  sulphate,  tartaric  acid,  and  ammonium  hydroiick 
(Slokes^s  rmgcnt).  When  blood  is  closed  up  in  a  hermetically  scalfi 
glass  tube  until  putrefaction  has  well  advanced,  hemoglobin  ciyst*!* 
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ire  fontied.  The  crystal  I  me  form  varies  when  derived  from  different 
mnimals.     They  are  dark  red  in  color,  of  a  bluish  cast. 

Oj:y hemoglobin  occurs  in  arterial  blood  in  greatest  amount,  but 
to  some  t'xient  in  venous  blood,  II  has  a  light- red  color,  and  occurs 
in  the  r^  blood -cells,  partly  at  least  in  combination  with  lecithin.  It 
may  be  obtained  in  the  crystalline  form.  These  crj^stais  on  analysis 
give  frum  54.09  to  54.7  per  cent,  C,  6.97  to  7,4  per  cent.  H,  16.09  to 
17.9  i^T  cent.  N,  O.J9  to  0,67  per  cent.  S,  19,73  ^o  23,4  per  cent  O, 
AOd  0*34  to  048  per  cent.  Fe. 

Reduced  hemoglobin  and  oxyhemoglobin  are  distinguished  by  their 
absoqition  spectra,  the  latter  sJiowmg  two  such  bands  separated  by 
a  green  band,  while  the  former  shows  but  one  broad  band  occupying 
nearly  the  position  occupied  by  the  greenish -yellow  band  between  the 
dark  ones  above  mentioned.  (See  Figs.  10  and  11,  Frontispiece.) 
Hemogiobiii  unites  witli  nitric  oxide,  carbon  monoxide,  hydrochloric 
add,  hycirocyanic  acid,  acetylene,  carbon  dioxide,  etc.  Some  of  these 
compoumis  give  peculiar  spectra;  these  gases  are  not  easily  expelled 
by  oxygen,  and  hence  are  deadly  poisons  when  inhaled. 

■  Htmatin,  CnHj^N^FeOj  (Hoppe-Seyler)  ^  is  obtained  in  the  form 

of  a  siilt,  by  ihe  decomfXksition  of  oxyhemoglobin  with  an  acid.  It 
is  an  amorjihous,  blue-black  mass,  with  a  metallic  luster,   inst>luble 

^m  wrailer  or  alcohol,  but  soluble  in  alkalies.  It  yields  two  different 
MMCira — one  when  combined  with  oxygen  and  another  with  carbon 
Hematin  hydrochloride,  t>r  hemin  crystals,  may  be  obtalnetl 
bjr  healing  hemoglobin,  or  driLiJ  bltKxl,  with  common  salt  and  glacial 
icrtic  acid.  It  forms  thin,  rhombic  jjlates,  having  a  brown-red  color. 
The  formation  of  these  blood -crystals  h  used  for  the  identification  of 
biDcid  stains  m  crimtnul  cases.  The  drop  of  dried  blood  is  placed  upon 
a  microscope  slide,  together  with  stjme  pulverizc^d  common  salt»  and  then 
Ifratcvl  with  glacial  acetic  acid,  and  a  coverglas^  j>laccd  ujKjn  it.  The 
»Wc  is  heated  until  bubbles  apj>car  in  the  acid,  cooled,  and  examined 
wftli  a  |-inch  objective.  The  presence  of  blood  is  indicated  by  the 
pftaence  of  the  crystals. 

The  amount  of  hemoglobin  in  the  hlocx]  h  most  easily  determined, 
for  dinical  purposes,  by  the  hemoglobinoineter.  The  process  de- 
pCDck  upon  the  imitation  of  the  color  of  a  standard  solution  of  hemo- 
ffMsu  or  of  a  colored  glass  plate,  by  dilution  of  a  measures)  volume 
of  Uocid  until  iu  color  is  that  of  the  standard.  (Sec  "  Clinical 
Cberofctfy,"  p.  as)* 

HatJieiliOglobtQ  is  a  derivative*  from  ojcvhcmrjglotiin,  prtMluipd  by  ih^  nx^Han 
iy  n*.^|^nts,  a&  acids,  Alkalies,  mtmy  saltSk  clc.^  or  by  sintply  v^^amng  t%  niilu- 
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tion  of  blood  to  the  atr  for  some  lime.     It  is  characterized  by  nu  absorption  band 
not  found  in  fresh  bbod,  and  sittsated  between  C  and  D.     (See  Frondspicc^  S"o* 

Hemocyanln  h  a  globuKn-h'ke  body  found  in  solution  in  the  blood  of  aom*  in- 
I -vertebra tt^s.     It  contains  topper  as  one  of  its  constituent  elements,  instead  of  the 
iron  of  htmogltjbin.     It  turns  blue  on  exposure  to  the  air,  and  such  blood  is  Wwe 
when  Dxiducd,  and  cobrless  when  reduced. 

Hemochromogem  is  a  pignient  prepared  from  hempglobin  by  adds  or  alkalies, 
I  in  entire  absence  of  oxygen*     The  bemogiobin  b  split  into  two  compounds  by  the 
^  reagents,  the  one  being  a  protein  and  the  other  the  above  coloring  matter.     It  h  fey 
simlbr  to,  though  not  identical  with,  hematin. 

Carbon  monoxide  hemoglobin,  nitrous  oxide  bemogiobin,  cyaii-heffli>- 
globin,  sulpho-hemogiobin  an-  molecukr  coiiipjuntk  of  hcnitiglobin  with  CO, 
NOt  CN,  and  U^^  resix'cyvely.  These  gases  act  as  pjiis4.>ns  when  inhaled  ba;jLi^ 
of  their  combining  with  the  bemoglobm  of  the  blood,  and  the  formation  of  ihcsc 
n^junds. 

Hematoporphyrin,  iroa-free  hematin^  C^H^^O.  (Hoppe-Scyler),  ii  a 
pigment  derived  from  hemoglobin  by  diiisoiving  it  in  strong  fijSO^  or  by  bcatii^  it 
with  HCL  By  diluting  this  solution  with  water»  the  coloring  matter  b  tWim 
down  as  a  brown,  ficicculcnt  pnjdpitate,  espedally  on  neutralijnT^  the  acid,  Tlie 
iron  remains  tn  solution  as  ferrt^us  sulphate.  This  pigment  occasionally  a.ppt^a% 
in  the  urine »  as  tirohematoporphyrin  or  urobematin, 

Hematoldin,  Ci^Hi^jN^O^  occurs  a&  reddish,  rhonibohedral  crystals  in  old  Wood* 
cloLs,  in  corpijra  lutea,  and  in  the  urine  in  cases  of  hematuria.  It  is  believed  to  be 
identical  vdih  bilirubin,  and  shows  the  origin  of  bilirubin  to  be  probably  in  the  de^ 
composed  or  disintegrated  blood-pigmcnt,  separated  by  the  liver. 
I  Lecitbo-proteins  are  a  class  of  complex  compound  pixiteins  found  in  gian- 
'  dular  organs,  the  gastric  mncotis  membranei  liver,  milk|  and  yolk  of  egg»  Tbef 
are  rich  in  phosphorus  {ux  and  one-haif  p<?r  cent-,  calculated  as  PjOJ.  Tbef 
combine  with  NaOH,  forming  a  stable  body  whose  solution  can  be  filtered  with  great 
cUfiTiculty,  They  combine  with  FcjClj,  HgCij,  the  alkaloids,  and  some  glucceules. 
XJvovitcllin  and  hemoglobin  of  the  red  bUitxl -tells  are  combined  with  ledthiii- 
They  are  supposed  to  play  an  important  part  in  cell- nutrition. 

^  GROUP  III,  THE  DERIVED  PROTEUfS. 

Primary  Protem  Derivativ€S>^Thes€  derivatives  arc  formed  as 
the  result  of  slight  hydrolytic  changes  in  the  protein  molecule,  of  which 
we  know  little.  Proteans  is  a  term  suggested  la  include  all  those 
insoluble  proteins  formed  by  the  incipient  action  of  water,  very  diJtite 
acid,  or  enzymes.    They  are  inst>luble  in  salt  solution. 

Fibrin  is  a  white,  elastic,  fibriilated  solid,  insoluble  in  water  or  dilute 
salt  solutions.  It  is  soluble  in  dilute  acids  (one  to  five  per  cent,)  with 
difficulty.  It  is  soluble  in  concentrated  acids  and  alkali  hydnxttdes. 
Fibrin  may  be  prepared  by  whipping  blood  with  a  bundle  of  twigs, 
washing  the  clot  with  water,  alcohol,  and  ether* 

Halliburton  l>elieves  that  fibrin  ferment,  called  prothrombin,  is 
formed  by  the  leucocytes  of  the  blood  or  tissues.  This  is  changed  to 
thrombin  (thrombase)  by  calcium  salts.  Tltrorabase  acts  on  fibrinogrn, 
^hanging  it  into  insoluble  fibrin  and  a  small  amount  of  soluble  fibriii- 
lobulin. 
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mien  boUed  with  water,  or  treated  for  some  time  with  alcohol, 
fibrin  loses  its  elasticity;  Us  solubility  in  the  various  reagents  h  les- 
senedf  and  its  digestion  with  pepsin  and  trypsin  is  rendered  more 
difficult.  Fibrin  has  the  pecuhar  property  of  decomposing  hydrogen 
pcrojdde.  Pieces  of  Sbrin  placed  in  this  fluid  seem  to  undergo  no 
change,  but  decompose  the  H,Oj.  Guaiacum  is  turned  blue  by  fibrin 
In  the  presence  of  H,Oj. 

It  Tfiay  also  he  pTrparcd  from  blood-plasma  which  has  bwn  prevented  from 
eoftgulAimg  by  the  addition  of  MgSOj.  By  thtf  addition  of  an  equal  volume  of  a 
mturated  solution  of  NaCl,  the  fibrinogen  is  pr^ci filiated,  while  the  paraf^lobuUn 
icnyuns  in  soltition.  The  trharactcristic  pmpeny  of  fibrinogen  is  that  in  the  p^^s- 
eocic  of  minute  quantities  of  certain  calcium  salts  and  niiclco-protcin  it  produces  ft 
cciAgulum  ol  fibrin.  In  the  absence  of  lime  salts,  or  the  nucleo-protetn,  no  coagu- 
lation takes  place.  The  addition  of  pota^ium  oxalate  to  fresh  blood  prevents  the 
ooftgiilAtion,  as  it  converts  the  calcium  salts  into  the  oxalate,  which  dfjcs  not  com- 
Uae  wiih  Ihc  prothrombin  to  form  the  sonraUed  fibriii'>fenneiit|  or  thrombose. 

Myosin-^When  an  irritable  contractile  muscle  passes  into  rigor 
WUfrtis^  the  substance  of  which  the  muscle-fibriUa;  arc  composed 
tuidcrgoes  a  change  similar  lu  the  clotting  of  the  blixxj,  which  results 
m  the  formation  of  a  clot  of  myosin.  Myosin  is  the  name  given  ta 
a  solid  which  separates  on  the  coagulallon  of  muscle- plasma.  Muscle- 
plisma,  freed  from  blood,  is  a  yellowish,  opalescent,  s)Tupy  fluid, 
wbidi  Alters  with  dilTicoky  and  ebb  sponianeou&Iy  at  temperatures 
tbaireo'^C  (32^  F,),  The  pksma  may  be  diluted  with  solutions  of 
vuyiog  strengths  of  neutral  salts,  by  which  its  clotting  may  be  delayed, 
lod  the  changes  it  undergoes  may  be  studied.  Muscle-plasma  con- 
tfthisa  globulin.  niyossJiogen,  which  resembles  fibrinogen  and  coagu- 
bl«s  al  56**  C,  (133.8^  F.)*  Myosinogen  clots  under  the  action  of  a 
ipecific  fermentf  forms  myosin,  and  leaves  in  the  solution  myoglobuiin 
and  an  albumin  rescnjbling  semm-albumin.  It  is  converted  Into  syn- 
by  the  action  of  acids.  Globulins  closely  resembling  myosin 
in  vegetable  urolojilasm,  and  in  the  cells  of  the  Itver.  Myosin 
k  n»d9y  dige^sicd  by  |>epsin,  more  slowly  by  tr}^>sin, 

Metaproteins.— Albuminates.— There  are  two  forms  of  these 
pru<rin>,  known  as  atid-proicms  and  alkali -proteins,  obtained  by 
disfisoiring  one  of  the  simple  proteins  in  acids  or  alkalies. 

Scifoe  of  the  acid-albumins  contain  sulphur,  while  the  alkali-albu- 
rains  do  not.  When  freshly  prepared,  they  are  soluble  in  dilute  acids^ 
alkaltcs,  Mnd  alkaline  carbonates.  Their  solutions  are  precipitated  by 
GUvftiJ  f»culniH/;aian,  by  boiling  only  in  neutral  solutions,  and  with 
dUbulr  l^ohoL 

G|i  t  lie  more  readily  converted  into  acid  albumins  than  the 


I 

1 


I 


s^ 


MEDICAL  CHEMISTRY. 


albumins.    Coagulated  proteins,  as  fibrin,  requiie  add  in  a  concentrated 
jfomL    As  obtained  from  the  various  proteins,   the  producfe  ejchibit 
certain  marked  differences,  indicating  that  each  protein  fields  its  own 
special  acid-protein. 

Preparation  of  Acid-protein,— Blood-serum  or  the  diluted 
white  of  egg  is  digctjled  at  40^  to  50"^  C.  (104"^  to  122"^  F.)  for  several 
hours  with  from  one  to  two  per  cenL  of  HCL  The  solution  is  fillerecl,  M 
carefully  neutralized,  and  the  precipitate  collected  on  a  filter  and  | 
washed  with  distilled  water.  It  may  be  rapidly  prepared  by  beating 
the  white  of  egg  with  glacial  acetic  acid.  A  jelly  is  thus  formed  which 
can  be  dissolved  in  warm  water,  and  from  this  solution  the  acid-pro- 
tein b  precipitated  by  neutralizing  and  washing  as  before. 

Alkali-protein  may  be  obtained  by  the  action  of  dilute  alkalies 
on  albumin  solutions,  up<:in  coagulated  or  other  proteins.  Tlie  jelly 
'  produced  by  the  action  of  KOH  solution  upon  while  of  egg  is  alkali- 
albumin.  This  solution  is  no  longer  coagulated  by  heat.  The  protein 
is  entirely  precipitated  upon  neutralization,  and  tlie  precipitate  is  in- 
soluble in  water  and  in  neutral  NaCl  solutions,  but  is  reaidily  soluble 
in  dilute  acids  or  alkalies. 

Coagulated  Proteins.— Ver)^  little  is  known  of  the  chemical 
characteristics  of  the  proteins  after  coagulation.  These  pro- 
ducts are  produced  by  heating  solutions  of  the  proteinSj  generally 
in  slightly  acid  solutions,  or  by  the  action  of  the  various  agents  which 
have  been  mentioned  above.  They  are  insoluble  in  water,  dilute 
acids,  alkalies,  and  neutral  SLillne  solutions  of  all  strengths.  The>' 
are  soluble  jmlv  in  strong  acids  or  alkalies,  though  often  the  pro- 
longed^  action  of  dilute  acids  ^or  aikaiies^wiD  efliect  some  solution, 
especially  at  a  high  temperature.  During  these  solutions,  however, 
a  decomposition  takes  place,  S4:>me  acid-  or  alkali-albumin  alwaj's 
being  produced,  together  with  some  fjcptone  and  allied  substances 
The  coagulated  proteins  are  readily  converted  into  peptones^  at  the 
temperature  of  the  body,  by  the  action  of  the  gastric  or  the  pancitatic 
juice.  All  proteins  in  solution  are  precipitated  by  absolute  alcohol, 
If  tlie  alcohol  be  rapidly  removed,  the  proteins  are  again  soluble  in 
water;  but  if  the  precipitate  be  left  in  contact  with  the  alcohol  fot 
some  time,  it  loses  itis  solubility. 

Secondary  Protein  Derivatives.— Albumoses,  or  Proteoses — 
WTien  any  of  tlie  proteins  above  described,  except  some  of  the  sticfo- 
proteins,  are  submitted  to  the  digestive  action  of  pepsin,  trypsin,  or 
certain  other  enzymes,  hydrolytic  products  are  prtxJuced  in  the  earlier 
stages  known  as  proteoses.  When  the  digestive  fluid  employed  is  pep- 
sin with  dilute  HCI  (o.a  per  cent.},  a  small  portion  of  the  protein  ii 
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irst  converted  into  acid-albumin.  This  may  be  precipitated  by  i 
mng  the  fluid  during  the  earjy  stages  of  the  digestion.  At  a  later  stage 
of  the  dlgestfon,  this  acid- album  in  disappears,  and  other  products  make 
tbar  appearance,  which  are  known  collectively  under  the  name  of 
albumoses,  or  proteoses. 

The  process  above  described  constats  in  a  gradual  hydrolyab  of  the  pmtem 
moieculc,  with  the  result,  at  ^t^  of  a  cleavage  or  splitting  of  the  molecule  into 
smilkr  dissticwition  products^  By  the  use  of  various  reagents  these  mixtuTes  have 
lirtfi  sepftmted  into  groups  of  bodies  known  a£  prolo-nlbumoses^  httero-tilhumosei^ 
dmifrtMsibumoses^  etc*  The  first  two  groups  are  known  as  primary  idhumituJi, 
wbile  the  deniero^athumoses  arc  known  as  secondary  albumotses.  Sec  table^  p.  4S6, 
for  their  behavior  with  reagents. 

By  the  condnued  action  of  pepsin  and  hydrochloric  acid,  these  albumoses  are 
clui^Eed  inta  peptones  and  then  peptids  as  the  Anal  products. 

The  prima nr  albumoBCs  give  precipitates  with  hisioncs  and  prolamins  as  do 
the  natural  albumens. 

When  trypsin  is  employed  in  the  digestion  of  pmtcins,  the  process  is  some  what 
dtlfrrmU  *ntJ  the  decom positions  of  the  protein  are  much  more  complicaltt!  than  14 
the  oiae  with  fM*psin.  Instead  of  acid-albumin,  a  small  quantity  of  alkali-albumin 
if  at  6rst  [ormed,  together  with  more  or  Less  coagulable  protein.  Albumoses  soon 
make  tbeir  appcaT^nce*  which  are  somewhat  rapidly  convxTted  Into  peptones, 
peptldst  ind  amitio-acidi. 

Pnoldns  may  also  be  peptoiiKd  by  the  action  of  water  at  a  high  tempetaiut^ 
mad  under  pressure. 

Plmantion  of  Albumoscs,— The  albumoses  are  beat  prepared  by  the  action 
of  aftiTuul  imouni  of  very  active  pepsin  on  a  large  amount  of  fibrin  previously  treated 
«ith  O.J  per  cenL  HCI  at  40°  C.  (104**  FOi  or  by  beating  proteins  with  water  under 
pfTMttrc  for  several  hour^  at  about  150"  C.  {joa"  F*)-  Loder  the  action  of  [lepsin 
te  fibrin  di$9otvp$,  andf  as  six^n  as  this  ia  complete,  dilute  solution  of  Na^CO,  is 
ftdded  amil  the  reaction  is  faintly  alkatinep  when  the  acid -albumin  is  preclpitaied* 
Ulii  b  rv»ovcd  by  fillradon,  and  the  filtrate  contains  albumose  with  but  a  faint 
tnca  of  pcpl4:me.  The  primary  albumoses  (proto-albumo^  and  hetero-aJbumose) 
lUttf  tie  precipitated  from  this  scjtution  by  stnjngly  at idifying  with  aretir  acid  and 
litmtiflg  Ui  solution  with  XaCl.  Tke  alhumcses  thuii  prt*i:ipiute*d  may  tjc 
CnDoctcd  OB  a  filter  and  washed  with  a  saturated  stilutlon  of  NaCl-  They  may 
^tn  be  dtsaolvcfl  tn  water  if  desired. 

SoltttkoB  of  album cFe?i  give  the  following  reactions: 

f.  A4-etic  Of  !  '.  added  dr*ip  by  drop^  precipitates  proto-albutnogie  in 

Ihe  CQld«  tbe  \%ft*  •  <  Jving  on  warming,  to  E^parate  again  on  ci3o]ing. 

a.  If  the  »qIu  t^hlly  acidulated  with  acetic  ackf,  avoiriing  an  exeess, 

ifld  a  tnhCc  of  pot  ^  ^  m  y anide  be  added,  a  p  ret  1]  lita  te  form;!  w  hii^  h  1 1  isa  p{  jean 

ott  mimiogf  to  n  -m  on  t  otjh'ng. 

y  On  •ddici^'  "la  In  c.^*  ess  and  a  drop  of  a  copper  sulphate  solution, 

iiiM^Tnl  ( itlur  i^  !      Thi!»  fpaniiin  h  also  obtained  wiih  s^ilutiiins  <il  pep 

lean,  1  H  oihrr  Mihilik'  prtitcids^     (Sec  table,  p.  486,) 

|.  Jx  iytion  of  cop|K:r  sulphate  (two  per  cent,)  precipitates  primary  bui 

Peptones.— Th^  ^i-i^tric,  pancrealit,  and  probably  the  inteHtmal 
fakci  nmvirfl  albunvi^es  iiUo  a  more  soluble  and  dififusible  fonn. 
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called  peptones.  Several  different  peptones  have  been  described, 
but  most  of  them  are  probably  mixtures  of  aJbumoses  and  true  pep* 
tone.  Dehydrating  agents,  as  heat,  can  reverse  the  process,  and  coo* 
vert  peptone  into  albumoses. 

The  reactions  of  peptones  are  mostly  negative.  Solutions  of  pep* 
tone  do  not  exhibit  a  viscid  character,  are  not  coagulated  by  heat, 
nitric  acid,  or  acetic  acid  and  potassium  ferrocyanide.  Alcohol  pre- 
cipitates them,  but  the  precipilite  is  soluble  in  water.  Tannin^  mer- 
curic chloride^  picric  acid,  and  potassiomercuric  iodide  precipitate  them 
in  the  cold. 

The  mot^t  marked  property  is  their  extreme  solubility  in  water  and 
their  greater  diffusibility  than  other  proteins. 

Amyloid  is  not  dissociated  into  peptone  by  either  pepsin  or  tr^-psin. 
Some  of  the  sclcro-proteim  are  not  attacked  by  pepsin  or  trypsin.  Both 
proteoses  and  peptones  are  to  be  regarded  as  mixtures  of  dissociation 
products  of  the  native  or  simple  proteins.  They  are  not  definite 
chemical  substances.  The  peptones  are  probably  peplids,  but  of 
indefinite  and  unknown  composition.  The  term  pcptid  is  reserved 
for  those  of  known  composition.  The  peptones  may  be  separateri 
from  the  albumoses  by  saturating  the  cold  solution  with  crystals  of 
(NHJjSO^,  when  the  albumoses  are  precipitated,  leaving  the  peptones 
in  the  solution. 

Notwithstanding  the  formation  of  peptone  in  both  gastnc  and 
intestinal  digestion,  very  little  of  it  can  be  found  in  the  digesting 
mixture  at  any  time.  Very^  little  larue  peptone  is  formed  in  the 
stomach  ♦ 

Tiy^psin,  aided  by  erepsin,  quickly  cleaves  the  peptone  into  simpler 
pef>tids  and  ami  no-acids,  in  which  form  they  are  absorbed*  If  peptones 
are  absorbed  at  all,  it  is  only  in  verj'  small  quantities. 

The  Peptids, — Wlien  a  protein  is  digested  with  acid -pepsin  for 
some  time,  and  the  proteoses  and  peptones  are  precipitated  from  the 
solution,  a  large  part  of  the  nitrogen  of  the  original  protein  will  be  foun*l 
in  the  solution  in  a  non- protein  form.  Amino-acids  will  not  l>e  foun^. 
This  nitrogen  is  found  in  the  form  of  bodies  betw^een  peptones  aj)d 
amino-acids,  and  composed  of  a  combination  of  tw^o  or  more  amino- 
acids.  Such  substances  are  calle<l  peptids  or  polypeptids.  Many  of 
these  pol^-^ieptids  have  been  prepared  synthetically  from  the  amino' 
acids.  The  simplest  of  these  compounds  is  glycyl- glycine.  We  cm 
also  have  many  other  compounds  of  similar  structure,  E.  Fischer 
classifies  them  according  to  the  number  of  amincnacid  groups  entering 
into  their  molecules,  as  di-,  tri-,  tetra-,  penki-pepiids,  etc.,  and  polypcptkk 
Peptone  is  a  polypeptid. 


ncposxANT  Yir^^rtAmr 


wheal,  Tyt^  barki\  and 

Mast  of  tlbe  ««al 
from  tbe  otfaer  fwoteids  bf 

^|B  nPORIJUn  YBG^tAmM  COLOmSiQ  MJJTKBS. 

^^^^dlSH  b  a  Uiie  cjoiotiiig  mattm  4ahmA  biom  ancca]  ^secies  «f 

HrnA^/ero  and  odicr   pknls  yiiii^  m  b£i,  Afrn.  aiid  Son^ 

Amoka,    It  csisis  oi  tbe  fdaat  as  a  ^ttncigdr,  calnd  inilican,  ^  hkk 

b  extimiCtal  widi   walcr;    the  fif>^  alsv«<al  to  imnrni  in  tbe  ajr, 

deposits  the  indi^  as  a  blue  povdcr.     (See  p.  440.) 

Litmus  is  a  pyipli^4ilDe  coteiag  asftlier  cAtamcd  tern  fidsms; 
generally  torn  Lecmant  iawtarsa^  br  slsfp^  in  wfoe  aad  adding 
lime  aiKl  pota^um  carbooate.  Tbe  austuzv  m  nposfd  lo  the  air  itr 
a  few  weeks,  willi  Irequcat  sdmo^  wjica  a  tinrk^  Use  Wttfinn  is 
obtained.  The  sobadgm  m  Aicfcawd  wiik  pbiier-Q{*Fam  or  dialk, 
formed  into  cahes,  and  cot  mto  Stile  adies.  Tfae  cnlotr^  maUjcr  of 
titmus  is  a  weak  acid  forming  ^ahs  Imving  a  Une  caolar,  tlie  finmmrrdil 
product  being  the  potassium  sail.  Whh  acids,  k  bacames  red  font 
the  Itberation  erf  llie  add-  Tmmmnt  is  Hbe  root  of  Cmtmwm 
i&nga;  it  yields  a  ydlow  tmctune  wbkb  tajros  famwn  whJi  alkatk^ 
The  coloriDg  princ^ife  is  named  f^T*'^?"^  Qt^«^r  ^^  '^  ^^^  ^ 
a  large  es^nt  to  give  a  y«ikiw  odor  to  vafious  aiticks  of  fcxid,  as 
mustard,  chow-chow,  vermiccfli,  etc 

Saffron,  cioctis  (BrJ^  k  the  si^gpias  of  die  flower  of  Crpcm 
saliva.  It  yields  to  dBuie  akotioi  a  jAsm  cxdormg  raaHer  called 
polychroit,  Cj,H^O|g,  a  gftiooside  of  cn»%  C^i^O^ 

Safiron  is  ujied  to  color  ootain  aitldes  of  food,  as  butter,  chec^j 
macaront,  etc 

Aimatto  is  a  jr^Uow  color  obtained  fxom  the  seeds  of  Bmi  ^ftt- 
lama.    It  is  used  m  coloring  butter^  mUk,  chcsese,  etc. 

Logwood,  hasmatoxyloa  (LT^  s.  P.),  luematozyli  lignum  (Br.), 
contains  a  puqjle  dye,  hematoij'lin^  CMH„Oe.3Hs<J,  used  for  purple 
and  black  dyes.  The  eortiact  of  the  wood  is  o&ial«  and  is  tised  as 
a  tonic  and  astringent  Brazil-wood  fumisbes  red  dyes  and  lakes. 
Cochineal,  coccus  (U.  S.  P.,  Br.),  the  female  of  the'  insect  Cocrms 
catii,  yields  to  boiling  water  and  alcohol  a  beautifid  red  Gok»nng  mat- 
ter, which,  precipitated  with  aluni  and  an  alkaline  carbcxnalc,  yields 
carmine 

Chloropbjll  is  the  name  given  to  the  green  coloring  matters  of 
the  leaves  of  plants.  It  occurs  as  microscopic  granules  distributed 
through  the  cell  protoplasm  in  all  the  green  portions  of  the  ptanL 
It  may  be  eaducted  with  alcohol,  ether,  and  benzene. 
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Very*  little  Is  known  of  this  body,  but  it  seems  to  be  com 
two  coloring  raatters— a  blue  and  a  ^'een.  It  contains  no  iron, 
possesses  the  power,  under  the  influence  of  sunlight,  of  decor 
ing  CO3  and  uniting  the  carbon  to  the  elements  of  water.  The  y 
color  of  autumn  leaves  is  due  to  xanthophyll,  an  oxidation  pn 
of  chlorophyll. 


BILIARY  COLORIH G  MATTERS, 


i 


There  are  two  pigments  obtiiinable  from  bile  and  biJiary  cak 
viz.,  bilimbtn  and  blliverdm.  BUifuscm,  biliprasin,  bilicy 
choletelin^  bUibumiiij  und  hydro biUru  bin  liave  aisf>  been  desc] 
The  principal  one  of  these,  and  probably  tlit^  only  one  contain 
bile  when  first  secreted,  is  bilirubin,  of  which  the  others  are  d 
lives,  i 

BiUnibuiy  QjHi^NjOjj  is  met  w  ith  in  the  free  state  in  the  I 
man  and  the  carnivora,  and  in  ox-bile;  also,  together  with  bilif 
CjnH^NjO^,  and  biliprasin,  C,|,H^NjOfl,  in  combination  with  cal 
in  bilmry  calculi.  It  also  occurs  in  the  urine  of  persons  sufferin| 
jaundice,  j 

It  is  now  known  to  l>e  identical  with  the  r^  crystalline  mil 
old  hemorrhagic  clols,  called  hematoidlil|  and  with  billpheiql 
fulvin,  and  cholepyrrhin.  H! 

It  may  be  prepared  by  treating  the  powdered  bih'ary  calculu 
with  ether,  then  with  boiling  water  slightly  acidificnl  with  hydnx 
acid.  The  residue  is  washed  with  pure  water,  dissolved  in  hot  c 
form,  and  filtered.  The  chloroform  is  distilled  off  from  the  fi; 
and  the  residue  treatefJ  with  absolute  alcohol  and  ether,  by  whic 
bilif uscin  is  removed  and  bilirubin  left.  By  dissolving  this  n 
in  chloroform  and  setting  aside,  a  part  of  it  may  be  obtained 
dark -red  crystalline  powder.  It  also  exists  in  an  orange-red,  J 
phous  powder,  T 

It  acts  the  part  of  a  weak  acid,  combining  with  sodium,  cal 
barium  J  lead,  etc.     The  formula  of  the  calcium  salt  is  (CjoHi^NjO 

Bilirubin  is  closely  related  to  hem  a  tin,  a  derivative  of  hemog 
Moderately  strong  nitric  acid,  added  to  an  ammoniacal  soluti 
bilirubin,  first  colors  it  grecn^  then  blue  (bilicy  an  in),  violet-red 
finally  yellow,  the  final  substance  formed  being  choletelin,  C,^H|g 
(Gmelin's  test  for  bile.)  Nearly  the  same  series  of  colors  ar€ 
duced  by  adding  bromine  to  the  chloroform  solution,  with  the  c 
tion  that  it  finally  becomes  colorless.  Nascent  hydrogen  convc 
into  hydrobilinibin,  Cj^H^jN/D*  (urobilin  of  urine,  stercobil 
feces),  Hydrobilirubin  is  a  dark-brovsn,  amorphous  powder,  st 
in  alkalies,  sulphuric  and  acetic  acids,  alcohol,  ether,  and  chloro 


gasD  T^KTg  akzhkhk. 


It  ifecs  not  gn«  the  plaj  of  cdars  wtdi  nitiir  nciiL    li  j^ 
ictncd  131  tll^  feo^  Irotni  bOinibm^  bi^  the  adian  erf  the : 
ges  set  free  bf  the  botrm  a^  pucr^active 
Bili¥ei4ti4  C^i^jO^t  is  an  ofwhtinm 


b  HBMliij  formed  by  expostag  aftaltm- 

tlie  air,  or  bf  similar  Uimtmeat  of  &xsii  bile    It : 

pbotts  povdcr,  JiwrAihlf  m  wsier,  ^lier^  and 

tiblc  in  alcphol,  ajOEtIc  add,  and  aJkalinr  soiutJODa^  aad 

mtric  add,  as  docs  faSinifaEii.     Hfdrolitiinibiii  mj  be 


li  by  tFeatmcDl  with  nascent   bydr^^exL 
iamd  in  btmaii  ^ai-sapnes,  aiid  ' "" 
^■aU  (|Qaiilttties  tii  olcl  bfle  and  in 
biivcrdiii  is  biHnibui  +   O  and  H^O^ 
and  bilifusoD  h  bilirubin  -f  H^Q.     \~ 
pilgmeiits  HDidd  a|]|>ear  lo  be  ioniied 
gbbtn,  faemarin  cr  liem     ' " 
biBfasdii,  bEtvoxlin,  ajid 

Fusclii  (retiiiil  metuiii)  Is 
duiii  and  chromophaiies  are 
ykhdimn.  Visual  pinple  is 
bial^. 

Pyocyanin  g^res  liie 


r^j^jn,  m 


LPOISOirS  AJIB 
Of  the  cmergepdes  frhkh  ^rtae 
tike  of  the  ^-cmn^  ^i|^km%  n 
te  polsofuxig.    Tbe  weed 
an  idea  of  bofror  and  ptfiic, 
iiaite^  or  ntay  be  ciJied  tqxra  to  le&der 
ykm  of  a  ph^-sicka  can  be  secored.     He  m 
great  ser\'ke   by  adminlstemi^  tbe  jmopa 

hvaJuable  time.     Even   the  pbymoAB  h  UsMm 
ilarm,  when  he  comes  IntD  ^  prtsenc^  of  a  vidM  ai  m  natm 
It  k  for  these  reasons  thai  ve  intiticloGe  a  §em  ^  tte  1110 
poisons^  with  their  antidotesp    We  do  mic  buenl  to  ipie  a 
guide  Id  tbe  treatment  of  oiaes  of  potooiag^  but  mePAf  m  few  j 
ml^  lo  be  fexnembered  as  finC  ai^  to 
aoniiig, 

A  poison  b  any  substance  which,  independent  of  aiqr 
action,  uniformly  causes  injur}-,  disease,  or  death  when 
intzxKJuced  into,  or  developed  witkiiif  a  bealthj  animal  body. 


MEDICAL  CHEMISTRY- 


^r,  tiosc, 


f 


Poisons  may  be  introduced  by  the  skin,  lungs,  mouth, 

vagina,  or  rectum.  ■ 

An  antidote  \s  any  agent  which  in  any  way  renders  the  poisoiif 
inert  or  harmless.     Antidotes  are  either  chemical,  mechanical,  or  phi^i- 
ologicaL    That  is,  they  may  render  tlie  poison  harmless  by  changing 
its  chemical  nature,  by  preventing  its  absorption  by  mechanical  means,  <tfJi 
by  acting  on  tlic  functions  of  the  body  to  produce  antagonistic  effect^" 
and  prevent  the  poison  from  doing  harm.     Poisons  exert  a  local  e:ffect 
upon  the  part  or  parts  with  which  they  come  in  contact  or  a  remote 
or  systemic  effect. 

The  symptoms  of  poisoning  vary  or  may  be  modified  by  the  mode 
of  administration,  the  amount  taken,  the  association  with  other  drugs, 
the  age,  sex,  habit,  idiosyncrasy,  mental  or  physical  state  of  the  m* 
dividual,  or  the  condition  of  the  stomach  or  its  contents. 

Symptoms  of  Poisoning. — Not  infrequently  persons  claim  to 
have  taken  jxiison  when  such  is  not  the  case.  Or  suspicious  friends 
fear  that  poison  has  been  taken.  The  author  has  often  met  wilh  case 
of  this  kind  where  a  knowledge  of  the  symptoms  of  poisoning  has  sailed 
the  patient  a  very  disagreeable  experience,  and  the  physician  a  great 
deal  of  trouble  and  future  chagrin.  The  physician  should  be  familiar 
with  the  nature  and  action  of  poisons,  the  symptoms  which  diey  pn>- 
duce,  the  circumstances  which  retard  or  othen^'ise  modify  their  action, 
their  chemical  and  physiological  antidotes,  the  pathological  changes 
they  induce,  and  the  methods  of  combating  these  results.  It  is  our 
purpose  here  to  name  a  few  of  the  s>Tnptoms  of  poisoning,  and  then  to 
ofifer  a  few  hints  as  to  antidotal  treatment. 

The  chief  characteristics  of  poisoning  are  more  or  less  sereie 
Sj^mptoms  coming  on  suddenly  or  within  a  few  hours  after  tak- 
ing some  substance  or  fluid  iiito  the  stomach,  the  indiTiduftl 
being  previously  in  a  state  of  health.  These  symptoms,  u&yaUy 
increase  steadily  and  uniformly,  and  tend  to  prove  rapidly  distressing 
or  fatal.  The  symptoms  may  be  greatly  varied  as  to  time  and  severify 
by  the  quantity  or  form  in  which  the  poison  is  administercxl ;  the  sUlc 
of  the  stomach,  whether  full  or  empty;  the  condition  of  ihe  person, 
whether  asleep  or  awake;  and  a  certain  idiosyncrasy  of  the  individual. 
The  s^'mptoms  which  should  arouse  suspicion  of  acute  poisoning  are 
the  sudden  onset  of  pain  in  the  region  of  the  stomach  of  a  healthy  pa- 
son,  especially  of  a  *' burning  pain,"  accompanied  by  drj^n^s  of,  or 
a  metallic  taste  in,  the  throat;  more  or  less  vomiting;  great  prostra- 
tion of  the  vital  powers;  a  deathly  or  cada\'eric  aspect,  or  an  expres- 
sion of  great  fear  or  concern;  the  rapid  intervention  of  a>raa,  afid 
sjjeedy  death.  If  all,  or  the  greater  number  of  the  above  symploTni 
are  present  in  any  case,  there  is  reason  for  suspicion^  and  the  physidaB 


A3f0  niiUt  AWililOtl& 


abould  go^-em  himself  acconllo^.  {Sec  nsn^dts  TmAa-  Arsenic,  pu 
175.}  Ft^tsons  may*  fof^  amvayaio^  be  divided  Ipso  llic  ialmrng 
five  da^sei,  based  upon  their  effects  upam  the  Jhobui  adbject:  (i) 
oorrosms;  (1)  imtaiits;  (3)  nnirocics;  (4)  scfiiic  poisoiis;  (5)  gftseons 

potsons. 

CoirosiTe  Poisons. — To  dik  cixss  beionf;  those  potscms  wlildi 
exert  priodp^j  a  local  acdon  upon  die  tissues  vilk  wiikh  they  cooxir 
in  contacL  The  most  impoitaM  af  fills  daas  aie  ocaniMi^  suUiniate^ 
HgCl,;  the  cooceotratcd  miiierai  adds  (su^ihufk,  hjdnMihlonc,  nink) 
a£^  oxalic  mcid;  the  aUuJies  aad  their  culianates  (potassium,  so- 
diufiif  and  ammaniy  in  hyditxiid^  and  carbonates) ;  conosrre  salts,  as 
bisulphates  of  the  alkaline  meCak,  alum,  n^rate  of  ahtr^  dikiride 
of  zinc,  butter  of  aotimotif,  SbCV  CarboOc  add  is  m  Yioleat  cor- 
rosive when  concentrated,  and  also  has  a  lonote  effect  itpoo  die  as- 
tern after  being  absorbed-  The  synqatoms  of  corrosive  poisoning 
follow  iimnediatky  alter  taking  the  poison,  ajid  are  a  sense  of  acid^ 
alkaline,  or  metallic,  burning  pain  in  the  mouth,  throat,  gullet,  and 
stomachj  usually  tndticing  vomiting,  wfaidi^  howerer^  does  not  ftdievc 
the  distress.  The  pain  soon  extends  ovi^  the  eiitire  abdomen^  and 
is  accompankd  with  symptoms  of  shodt  or  ooHapae,  There  may  be 
stalniog  of  the  fouces  or  mouth* 

Irritant  Foisoai. — brttaot  poisons  give  rise  to  pain  In  the  stom- 
ach of  a  burning  chaiacter,  usually  coming  on  some  miniites  or  hours 
after  taking  the  poison^  In  this  respect  thej  differ  in  their  action  fram 
the  corrodves-  The  pain  is  acoompanied,  or  foLkiwed,  by  vomitings 
faintness,  purging^  and  tenesmus;  the  eyacuatiwis  bdng  often  dnged 
with  blood.  The  pulse  b  weak  or  nregular,  and  there  is  frequently 
se^^ere  headache.  Death  is  usually  caused  by  collapse,  convulsioEiS| 
or  by  Inducing  severe  inflammations,  which  wear  the  patient  out, 
after  a  vanaye  period  of  time.  Some  have,  also,  a  specific  physio- 
lo^cal  actioDT  besides  their  irritant  action.  The  following  are  the 
inore  common  irritants:  Dilute  minefal  acids,  concentrated  organic 
acids,  lime,  xinc,  copper,  barium,  sihcr,  and  mercuric  salts;  aU  com- 
pounds of  arsenic  and  antimony;  phosphorus,  iodine,  bromine,  etc 
Many  kinds  of  food  may,  under  certain  conditions,  become  irritant 
poisons.  lifeat«  fish,  kibsters,  tomatoes,  etc^  especially  after  ha\^ng 
been  ^nned  and  then  exposed  to  the  air,  (See  Ptomaines  and 
Toiln*,) 

neurotic  Poisons,— The  neurfttics  eicercise  their  action  through 
the  nerrous  system,  and,  therefore,  only  after  absorption  into  the 
csculation.  They  rarely  exert  any  local  action.  The  neurotics  are 
mibdivided  as  follows: 
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HEDICAL  CHEMISTRY- 


Exjiiinsii.| 

IVarcottCS,  or  ihose  produciti^  sleep,.  - ....,...,-. Opium, 

Anesthetics,  or  those  ppxiucing  insensibiHty^ .  _ , , , , Oilorofon 

InebriantE,  or  those  producing  mtoxicadon, . , . , _  _ _ , ,  Alcohol. 

Deliriants,  or  tho^  producing  dflidum. ,..._,,, , ..,.„. Hyosryzmu 

Convulsives,  ur  ihsjsc  producing  spasms^ -..,..-.,..,,..  Stiychninc. 

Hypos tiieaisants,  or  those  producing  death  by  syncope,. Prusak  add. 

Depressants,  or  those  producing  marked  dcprcssloii,, - .--. Nict^tine, 

Septic  Poisons*— To  this  class  bdong  certain  poisons  introduced 

into  the  body  through  abrasions  of  the  skiii^  open  wounds,  or  by  the 
fangs  or  stings  of  venomous  animals  or  insects.  In  many  respects 
these  poisons  resemble  in  their  action  the  depressing  narcotics* 

Poisonous  Gases. — To  this  class  belong  carbon  monoxide  (char- 
coal fumes),  carbon  dioxide  (choke-damp),  marsh -gas  (hre-damp), 
formaldehyde,  ammonia,  sulphurous  oxide,  illuminating  gas,  hydro- 
carbon vapors,  sewer-gas,  confined  air  of  living  apartments,  and  bq%- 
ious  gases  and  vapors  from  manufacturing  establishments. 


TREATMEHT  OF  ACUTE  POISOICIHG. 
In  every  case  of  acute  poisonings  or  where  the  sjinptoi 
circumstances  indicate  that  a  poison  has  been  taken,  the  foUon-ff^ 
the  course  to  pursue: 

1.  Get  the  poison  out  of  the  system  as  soon  as  you  can,  or  bco-| 
tralize  it,  if  it  be  a  caustic, 

2.  Neutralize  what  you  can  not  remove. 

3.  Favor  the  natural  elimination  of  the  poison, 

4.  Combat  any  dangerous  symptoms  as  they  arise. 
The  first  of  these  steps  may  be  secured  in  one  of  two  ways-^i 

by  the  use  of  emetics,  or  the  stomach -tube.  Unless  corrosives  ha 
been  swallowed  and  tlierc  is  danger  of  doing  damage  in  inserting 
the  stomach- tube  m;iy  be  introduced  through  the  moutli  or  ev 
through  the  nose.  By  attaching  a  funnel  to  the  upper  end  of  tlib, 
tepid  water  may  be  nm  into  the  stomach.  On  now  turning  the  p^- 
son  upon  his  face  or  lowering  the  end  of  the  tube,  it  acts  as  a  siplioa 
to  run  the  water  out.  Repeat  this  procejis  several  limes  as  in  iht 
process  of  lavage,  or  until  you  are  sure  all  f>oison  is  removed  from 
the  stomach.  In  the  absence  of  a  funnel,  make  as  a  substitute  a 
shaped  cavity  about  the  upper  end  of  the  tube  with  w^ax,  putty, 
wet  clay.  The  proper  antidote  or  an  emetic  may  be  dissolved  in  tl 
last  water  used. 


OJpj 


THE   PRINCIPAL  EMETICS, 

Zinc  Sulphate,— Give  20  grains  at  once,  or  dissolve  J  drachni^ 
in  a  ounces  of  water,  and  give  a  lablespoonfui  eveiy  fifteen  minuter* 


K)ISONS   AKD   THEIR   ANTIDOTES, 


5M 


Copp€r  Sulphate. — Give  5  grains  every  fiXtecn  iDmutes^  or,  stiJI 
better,  10  grains  al  once,  followed  by  tepid  water. 

Alum* — A  tablcspooniful,  given  in  syrup  or  honey. 

Mustard  (ground). — A  dessertspoonful  stirred  in  tepid  water  and 
quickly  swalluwed.     Very  efficient,  and  is  somewhat  stimulating, 

Apomorpliiiie, — Give  -^  of  a  grain  hj^podermatically, 

Syr.  Ipecacuanha.— Used  mostly  for  children-  Is  depr^sing. 
One  fluidrachm  every  fifteen  minutes  to  a  child  two  years  old,  until 
emesis  is  prtxluced. 

Tepid  Water, — Drink  copiously  and  until  emesis  occurs.  It  may 
be  assisted  by  tickling  the  throat  with  a  feather  or  the  extended  finger, 

Cominon  Salt.--A  tabiespoonful  in  a  pint  of  lukewarm  water  is 
often  effectuaL 


SPECIAL  POISOirS  AND  THEIR  ANTIBOTES. 


^^F^  THE   CORR03WE   POISONS, 

^M  Strong  Mineral  Acids.— Sulphuric,  hydrochloric,  nitric,  Symp~ 
^^mis:  Staining  of  mouth  or  throat;  immediate  pain;  vomiting;  great 
^^pt^tration. 

AtUidstes. — Chalk  J  lime-w^ater^  whitewash,  magnesia,  milk  of  mag- 
nesia, plaster  from  the  w^all,  ba king- soda »  soap.  Then  give  oil  freely 
and  mucilaginous  drinks*  Do  not  give  emetics  or  use  stomach- 
pttmp.    All  antidotes  must  be  well  diluted  before  they  are  given. 

Corrosive  Vegetable  Acids,— Oxalic,  tartaric,  acetic.  Symptoms: 
Burning  pain,  constriction  in  throat,  and  usually  vomiting.  Extremi- 
ties cold;   countenance  livid, 

A  nlidaUs. —SOim^  as  for  mineral  acids,  except  in  the  case  of  oxalic 
acid.  When  this  acid  is  susjjected  to  have  been  taken,  use  lime-water 
or  chalk  only*  Then  give  mucilaginous  drinks,  white  of  egg  and 
lime-water,  and  stimulants. 

Carbolic  Acid,  Phenol.— 5ym^^mjr.— Pain  b  stomach  and 
whitened  stains  in  mouth;  odor;  contracted  pupils;  coma;  death 
by  collapse. 

Tf€4^mcni. — Emetics  or  stomach -tube*  unless  the  quantity  taken 
was  large  and  in  the  pure  state*  Sodium  sulphate  in  solution  has 
been  recommended.  Alcohol,  twenty-five  per  cent.,  may  be  given 
before  using  the  tube  or  emetics.  Alcohol  may  also  be  added  to  the 
wash- water.  Albumin  of  eggs  given  freely.  Treat  the  collapse  by 
diluted  whisky  and  by  injecting  stimulants. 

Caustic  and  Carbonated  Alkalies. — SyiJi^^^wj,^ Acrid,  burning 
taste  m  the  mouth,  throat,  esophagus,  and  stomach;  hoarseness; 
54 
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dyspnea;  vomiting  of  blood  and  mucus;  surface  clammy;  pulse  lapid; 
pain  over  abdomen,  and  diarrhea. 

lyeaimefU. — Well-diluted  vegetable  acids^  suda  as  viDcgar,  lemon- 
juice,  tartaric  or  citric  acids;  fixed  oils,  such  as  castor,  linseed,  olive, 
or  cod'liver  oil.  Mucilaginous  drinks  may  be  given  freely.  Do  not 
give  emetics  or  use  stomach-pump  lest  the  stomachwaU  be  perfoiated. 


mRITANTS. 

For  general  symptoms,  see  page  510. 
^  Antimonyj  Tartar  Emetic,  Wine  of  Antimony  or  Oxide  of 

Aiitimony<—S>*w/^/^m J.— Metallic  taste;  nausea;  violent  vomiting; 
burning  heal  and  pain  in  the  stomach;  purging;  cramps,  cold  gci 
spinition,  and  great  debility. 

Treairnent. — Assist  the  vomiting  by  draughts  of  warm  water, 
mucilaginous  drinks,  such  as  flaxseed-lea*    Then  give  a  cup  of  stroi  ^ 
tea,  or  an  infusion  of  oak-bark,  or  a  solution  of  tannin.     This  may 
be  followed  by  opiates  and  stimulants. 

Chloride  of  Antimony,  Butter  of  Antimony,— 5yi«^f#ff«,— 
Same  as  above,  but  more  caustic, 

^lilj^tei,— Magnesia,  with  milk  and  water,  baking-soda»  tannin, 
as  above  for  tartar  emetic. 

Potassium  Bichromatep — Symptoms, — Violent  purging;  paijifuJ 
vomiting  of  yellow  vomit;  dilated  pupils;  cramps  in  the  legs;  great 
depression. 

Treatment. — Free  use  of  lirae-water,  or  magnesia  in  milk 

Arsenic,  White  Arsenic,  Arsenous  Tiioidde.— Symptoms.— 
Come  generally  within  a  half- hour,  but  may  be  dekyed  two  or  tliri-e 
hours.  Faintness;  nausea;  constant  vomiting;  burning  pain  in  the 
stomach,  increased  by  pressure,  and  soon  extends  over  abdomen; 
headache  (frontal);  may  be  bloody  diarrhea;  great  thu^t;  catching' 
painful  respiration;  quick,  feeble  pulse;  cold  extremities,  and  aaxious 
countenance.     Death  by  collapse  within  twenty- four  hours. 

Treat metit. — Expel  the  poison  by  thorough  emesis,  which  may  been- 
couraged  by  the  free  use  of  albuminous  or  mucilaginous  drinks.  As  an 
anlidotCj  give  raw  eggs^  beaten  up  in  milk;  freghly  precipitated  itnk 
hydxate  or  fen^c  hydrate  with  magnesia.  The  first  is*  made  by  call- 
ing togetlier  100  c.c^liquor  ferri  terstilphatis  (U,  S.  P.),  dfb 
with  1000  c.c,  of  cold  water  and  no  c,c,  of  ammonia  water  dilut- 
with  250  c.c.  of  water.  Let  settle  and  wash  it  by  decantation,  filli 
through  muslin,  and  shake  the  precipitate  up  with  250  cc.  (r  tui 
ful)  of  water. 

Ferric  hydrate  with  magnesia  is  prepared  by  shaking  up  i< 
gm.  of  calcined  magnesia  in  a  tjuart  bottle  with  about  Soo  c,c.  of  watrfj 
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Ltil  a  smooth  mixture  h  obtamed;  add  50  c.c.  of  solution  of  ferric 
^pbate  (U,  S.  R),  and  shake  again  until  a  uniform  smooth  mixture 
is  obtained,  when  it  is  ready  for  use*  Solution  of  dialyzed  iron  has 
been  used  with  success.  These  should  be  followed  by  stimulants, 
well  diluted* 

etallic  Salts,  Altim. — Alkaline  bicarbonates,  baking-soda. 
Soltsble  Barium  SaJtS-^Soluble  sulphates,  Epsom  or  Glauber*s 
alt.     Then  give  emetics. 


EMETIC    POISONS- 

Soluble  Copper  Salts. — Albumin,  white  of  egg  and  milk,  baking- 
soda,  followed  by  an  emetic. 

Iron,  Green  Vitriol,  Persulphate  of  Iron.— Baking-soda  and 
emetics  or  stomach-tube. 

Lead,  Sugar  of  Lead,  White  Lead.— Solution  of  Epsom  or 
Glauber's  salt  given  with  raw  eggs.  Then  give  emetics,  followed  by 
izastor  oil, 

Merctiry,  Corrosive  Sublimate.— Albumin,  white  of  egg,  flour 
and  milk,  followed  by  emetics  or  ?itomach-pump,  unless  the  poison 
ms  taken  in  a  concentrated  form.    Then  do  not  use  the  pump. 

Silver  Httrate,  Lunar  Caustic*— Common  salt,  then  emetic.s. 

Zinc  Chloride,  Soldering  Fluid,  Burnett's  Fluid.— Baking  soda, 
mUK  white  of  egg.  tea,  decoction  of  oak-bark.  Give  opium  to  re* 
licve  the  pain,  then  emetics  if  necessary. 

Tin,  Chloride  oL— Baking*5oda,  magnesia,  milk,  and  white  of  egg* 

Iodine « — Must  common  form  the  tincture*  Give  boiled  starch- 
paste,  made  thin  enough  to  drink.  In  urgent  cases  use  starch  or  flour, 
with  a>ld  water.     Pnxluce  vomiting  or  use  the  stomach-tube. 

Phosphorus,  Rat-poison.— Has  no  true  chemical  antidote. 
Magnesia,  milk  of  magnesia,  chalk,  or  lime  suspended  in  gruel;  tur- 
pcnttne.  Give  nti  fixed  oils.  Produce  vomiting  or  use  the  stomach- 
tube  or  pump. 

Puiaonoui  Meat^  Fish,  Lobsters,  %tt>S ymptmHs.--N^us€3k  and 
fOBlkuig  three  to  four  huurs  after  taking  ftx>d,  gastro- intestinal  irri- 
tatfetit  great  depression,  starlet  rash  at  times^  convulsions  in  }'oung 
aohjecti,  pupib  either  dilatcfi  or  contracted.     Recover)'  usual. 

Tfe^i/wi^it/,— Encourage  vomiting  by  copious  drafti^  of  warm  water; 
countemct  depression  with  diluted  brandy  or  whisky;  relieve  pain 
wilh  opium  or  one  of  it**  preiwiratfons.  Apply  hoi  fomcntiitbns  to 
the  abdomen.  When  vomiting  c^ses,  give  castor  oil  or  saline  ca- 
Ihiitk. 
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Warcotics— Opium,  Morphine  ^  Laudanum,  Paregoric,  Soo 
ing  Syrups,  Qmeting  Cordials,  etc— .Sj^iptojwj,— Appear  in  twe 
lu  ihirty  mrnutcs.  Commence  with  giddiness,  drowsiness,  stuf 
insensibilUy,  with  slow  and  stertorous  breathing,  weak  pulse,  c 
traded  pupils  not  reacting  with  hghl;  surface  sometimes  cold,  so 
time^  bathed  in  sweat;  countenance  livid.  There  is  occasion 
vomiting  or  convulsions  preceding  death. 

TftaimenL — First  empty  the  stomach  of  any  |x>ison  stiil  remaii 
Ufiabsorbed,  by  emetics  or  tiie  stomach-pump  or  lube.  The  pa  tier 
to  be  kept  awake  by  forced  walking,  by  the  cold  douche,  or  fla 
la t ions  with  wet  towels*  Farad ic  electricity  may  be  applied  to 
spine.  Give  strong  coffee  in  abundance.  Atropine  hypodermatia 
in  y^JjTgrain  doses,  repeated  untU  the  pupils  show  its  elTects, 

AnestJietics— Vapors  of  Cliloroform  or  Ether^  Chlo 
Methylene  Dicliloride,  Nitrous  O^ide,  etc— Pure  air,  ■ 
douches,  artificial  respiration,  h)podermic  injections  of  brandy,  a 
ammoniie  (diluted),  nitrite  of  amyl^  or  nitroglycerin.  Galvanisn 
faradism  may  be  employed,  if  the  instruments  are  at  hand,  but  ar 
doubtful  benefit. 

Inebriants— Alcohol,  Cocculus  Indicus,  Nitrobeiu 
(Essence  of  Mirbane),  AnUin,  etc— Fmetics  or  stomach-pv 
when  there  is  reason  to  believe  that  any  poison  remains  unabsor 
then  ammonium  carbonate,  hydroxide  or  acetate  well  diluted,  1 
the  narco.si^  as  under  opium. 

Hyposthenisants  or  Syncopants— Pnissic  Acid  (Hydrocy, 
Acid),  Potassium  Cyanide,  Laurel-water,  Peach -pits,  Che 
pits,  Pltim-pits,  etc, — No  chemical  antidote.  Emetics  or  stom 
pump,  where  there  is  time.  Cold  affusions  to  the  face  and  neck,  inl 
tions  of  ammonia;  spirits  of  ammonia  or  nitroglycerin  should  be  i 
internally,  with  brandy. 

Aconite  (Monkshood,  Wolfsbane,  Blue  Rocket).— 5>w/f/{wi 
Heat,  numbness,  and  tinglinj^  in  the  mouth  and  throat,  giddiness, 
of  muscular  power,  sometimes  delirium  or  purging.     The  skin  is 
the  pube  extremely  feeble,  breathing  oppressed.     Death  by  coll 
or  asphyxia. 

TreatmerU  must  be  prompt.     Emetics  or   stomach-pump, 
castor   oilj   animal   charcoal,   or   strong   coffee*     Stimulants   wnl 
needed—brandy,  ammonia,  nitrite  of  amyl^  nitroglycerol.     Arti] 
respnation  if  necessary* 
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Poisonous  Gases— Sulphuretted  Hydrogen,  Chlorine,  Bro- 
mine, Carbon  Monoxide  and  Dioxide,  Nitrous  Fumes,  Illuminat- 
ing Gas,  Sulphurous  Oxide,  etc.— See  Special  Gases  in  text. 

TreaimcfU.—FTe&h    afr,    rest,    and    mild    stimulation.      Artifi^ 
respiration  when  necessary^ 


mCOMPATIBLES. 

Substances  arc  said  to  be  chemically  incompatible  when,  on  being  mixed 
gethcr,  they  so  r^ct  upon  each  other  as  to  cause  an  ctitirc  change  in  the  proper 
of  the  substances  thus  mixed*  Tbcy  may  cause  the  evolution  of  a  gas,  au  cxpl^Kive 
mixture  or  compound,  a  poi<sonoU!^  or  very  acijve  substance  fortnea  from  compara- 
tively inert  ones,  or  a  pnecipitation  of  one  or  the  other  of  the  ingredients  in  the  new 
compounds  forme*:!. 

Sometimes  two  or  more  substances  are  brought  together  with  the  Intent  of  pro- 
ducing a  new  su distance  difTcrcnt  from  cither,  as  2KI  +  HgClj  ^  Hgl,  +  2KCL 
This  can  hardly  be  regarded  as  an  tncompailble  mixture. 

Of  physiological  and  therapeutical  incompatibility  we  shall  have  nothing  to  say 
here*     The  student  will  find  ihe  following  rules  of  value  to  him  in  the  beginnings 

1,  A  free  acid  is  incompatible  with  the  alkaloids  and  the  metallic  hydroxides  and 
carbonates.  The  mineral  acids  will  display  e  the  organic  acids  from  their  sal& 
The  converse  of  these  statements  is  also  irue — i.  r*,  metallic  hydroxides  and  car- 
bonates arc  incompatible  with  ihc  acids. 

3.  If  two  substances,  when  mixed,  can  form  an  insoluble  third  body^  or  can  relet 
so  as  Co  generate  a  gas,  they  are  incompatible^ 

A  knowledge  of  the  solubility  of  the  ordinary  salts  is,  therefore,  of  great  iropof- 
tance  to  the  physician.  For  example,  lead  or  barium  can  not  exist  in  a  solution  witi 
a  sulphate;  silveii  lead,  or  mercurous  mercury  can  not  exist  in  a  solution  with  a 
chloride. 

Substances  arCj  there fore^  incompatible  with  their  lest*  and  aniidotes- 

3.  The  alkaline  hydrcixides  i^nd  carbonates  are  incompatible  with  the  salts  of  the 
alkaloids  and  most  salts  of  the  heay>'  metals. 

4.  Iodides  and  bromides  precipitate  most  of  the  heavy  metals,  and  are  therefore 
incompatible  with  them. 

5 .  The  vegetable  astringents  and  bitters  owe  their  properties  laT:gply  to  their golr 
lie  acid  and  tannin.  Tannin  and  most  vegetable  astringents*  precipitate  the  b^^ 
metals  from  their  salts,  and  arc  therefore  incompatible  with  them. 

6.  Powerful  oxidizing  agents  (strcsng  nitric  acid,  poUssiuni  permanganate,  hy- 
drogen jMfroJiide,  chlorine,  the  h>'pochlontes,  potassium  chlorate,  etc)  should  not  be 
mixed  with  easily  oxidizable  organic  substances,  for  fear  of  forming  explosive  coin- 
pounds. 

7*  The  two  principal  solvents  of  the  U.  S*  P*  are  alcohol  and  water.  Each  of 
these  has  its  own  cla^  of  easily  soluble  btxlies.  These  bodies  are  often  prenipiialied 
fmm  their  solutions  in  either  of  these  solvents  by  the  addition  of  the  other.  Thus, 
the  tincture  of  iodine,  camphor,  essential  oilsj  thesgums  and  gum*resins,  aloes^  etc, 
are  precipitated  or  rendered  unsightly  by  the  additioa  of  water  or  watery  solutions 
of  drugs  or  chemicals. 

8.  There  are  some  solutions  that  should  always  be  prescribed  alone,  or  tft 
a  plain  watery  solution^  as  they  readily  decompose.  Among  these  may  be  mca- 
tioned  the  compound  syrup  of  hypophosphites;  Fowler's,  Donovan's,  and  Lugori 
solutions. 

These  few  rules  will  scr'c  to  call  the  student*a  attention  to  the  subject,  and  to  the 
gpnerai  principles  of  incompatibles. 
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PHYSIOLOGICAL  CHEMISTRY. 

Composition  of  tlie  AJiimal  Body.— An  animal  or  vegetable  body 
is  CDfQ|i08ed  of  a  single  cell  or  a  collection  of  co-ordinating  cells.  These 
cells  may  differ  from  one  another  in  function  and  in  chemical  compo- 
sition. From  a  chemicitl  point  of  view,  an  animal  body  h  composed  of  a 
variety  of  definite  chemical  com|XJunds  combined  In  a  manner  unknown 
to  as,  but  which  can  be  separated  from  one  another  by  proximate 
dieaiicai  aoalysis. 

W«  have  no  definite  knowledge  of  the  e^tact  chemical  composition 
of  living  matter,  as  our  methods  of  analysis  decompose  it  and  show  us 
«wily  the  composition  of  the  dead  matter.  The  human  body  is  made 
up  of  solid  tissue,  consisting  of  a  network  of  cells,  and  certain  fluids 
ODHiposcil  of  water  holding  in  solution  or  suspension  various  inorganic 
alts  and  organic  substances  or  proximate  principles.  Each  kind  of 
tia^e  differs  in  chemical  composition  from  other  tissues. 

TTie  elements  which  enter  into  the  comfiosition  of  the  body  are 
mostly  those  of  groups  one  and  two  of  the  periixlk  system,  or  elements 
o(  low  atomic  weights.  The  symlx>b  of  the  fourteen  elements  to  be 
cmsidercd  as  the  most  important  are  H,  C,  N,  O,  CI,  Fl,  S,  P,  Si,  Na, 
K,  Mg,  Ca,  and  Fe.  Besides  these  eleven  others  occur  in  very  small 
muititics  in  certain  tissues  of  plants  or  animals.  The  symbols  of 
Amm  arc:  B,  I,  Br,  Li,  Mn,  Cu,  Zn,  Rb,  Pb,  Sr,  Cc,  These  latter 
an  not,  Uierefare^  essential  dements*  Moss  gives  the  following  as  the 
apMOximate  ultimale  analysis  of  a  tmn  $  feet  8  inclies  in  height  and 
fpoglhi^g  148  pcmnda: 

Owjfpiu .,.....-  .^t.4  Ihs.      Chlorine.  „•-,- 0.1  j  tb. 

"  '  4.6   **        Sodium*.,*,*..* ,,, .0,1*  ** 


Ctttai, •***.. ,31.6  **  Iroa, .,**. 0.0^ 

46  '*  PimtAium,, -.,,.,„,o,j4  *• 

,--•-.- JJ    "  Silici .truer 

* 0.14  **  FluuHnr . «...«. *,«,,*«».  ,<Koi  lb. 


b  irill  be  seen  Ihat  the  three  predominating  elements  are  O,  C,  ami  H. 
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All  these  elements  must  be  derived  from  foods,  except  the  oxjgea 
taken  from  the  air. 

Living  organisms  may  be  divided  into  two  dbtinct  classes- 
plants,  which  grow  silently  under  the  action  of  sunlight,  and  animals, 
which  also  grow,  but  manifest  their  impressions  and  their  wiU  by 
active  movements.  This  difference  is  not  well  marked  in  all  cas^ 
however,  as  plants  are  known  which  exhibit  active  mo%-ements. 

Plants  are  distinguished  from  animals  by  (i)  The  character  of 
their  food;  (2)  theu-  respiratory  process  and  product;  (ji  the  character 
of  their  metabolism. 


^ 


The  vegetable  receiver  its  energy  pnncipaUy  &t>ra  the  sun's  rays,  and  fee* 
chiefly  upon  substances  from  the  miiierai  kingdom,  CO^  N,  and  H,0,  which  ait 
destitute  of  poteatiai  energy.  With  these  substances  it  trndertakes  to  build  up  an 
organism. 

In  order  to  do  so,  the  absorption  of  the  energy  in  the  form  of  heat  arjH  light 
is  necessary.  These  it  obtains  from  the  sun,  or  from  some  ortifjcial  5011m"  (J^ 
light  and  heat  which  can  take  its  place.  By  the  aid  of  these,  it  cherracailT 
combines   inert  bodies  into  potential  organic  substances. 

Animals,  on  the  other  hand^  decompose  and  render  sensible  the  patentiil 
energy  stored  up  in  organic  substances  prepared  by  the  plant.     This  energy  Ibci 
convert  into  kinetic  energy  (heat,  nervous  energy,  and  muscular  movemenO-   Al 
the  same  time  they  eject  the  used-up  products  in  the  chcmictUy  inert  formofCO,  1 
HjO,  and  urea,  suited  for  the  use  of  the  plant. 

In  a  word,  the  animal  Lives  on  the  energy  stored  tip  by  the  plant.  Wbul 
an  animal  Inspires,  it  absorbs  a  quantity  of  o3t>'gen  which  varies  from  0*01  to  O.je  4| 
its  weight  in  even'  twenty -four  hours*  Almost  all  of  this  oxygen  is  used  to  prDOttal 
CO,  and  H^O  by  oxidation  of  combustible  ma  tiers.  This  is  the  prindp^d  source  of  is  I 
energy.  Plant  cells  also  rrspire  in  the  same  way  and  for  the  same  purpose  as  J 
cells,  and^  in  doing  so,  use  up  a  part  of  their  stored  energy,  in  eJcactJy  the  suael 
manner  as  do  animiils,  by  oxidation « 

The  functions  of  the  protoplasm  in  plants  require  the  expenditure  o!  energy,  J 
and  this  cnerg>'  is  producect  by  the  oxidation  of  stoned  up  combustibles-    In  the  pku 
then,  we  have  two  proccK^cs  going  on  at  the  same  time — the  taking  in  of  COj  mhAm 
H,0  and  the  construction  of  complex  oi^anic  compounds  from  them,  and  the  biifUr  ] 
ing  up  of  a  portion  of  these  compounds  to  furnish  the  necessary  \ital  ener^^  tofanr 
on  its  functions,  with  the  exhalation  of  Ct")^  and  HjO,     The  balance,  however,  is  in 
favor  of  tbe  first  of  these  processes,  during  the  day-time;  but  at  niftht  the  pUnt  livei 
Uke  an  animal,  borrowing  its  energy  from  the  combustion  of  its  reserves.    This  (act  J 
is  shown  by  the  increase  of  temperature  of  certain  plants  at  night,  and  of  flowei^in^  j 
at  the  moment  of  expanding,  or  in  the  heat  developed  by  the  sproutii^  of  | 
when  the  only  sourte  of  energj'  is  the  decomposition  of  reserves* 

Chlorophyll.— The  green  coloring  matter  of  plants  is  called  dakao- 
phyll.  WTien  the  green  parts  of  a  plant  are  exposed  to  air  and  sun- 
light,  they  have  the  power  of  absorbing  a  small  amount  of  COj  from  t!w 
air,  and  returning  oxygen  to  the  air.  If  we  examine  the  plant  fof  llsf 
carbon,  we  find  a  series  of  bodies  which  have  been  studied  under  ill* 
name  of  carbohydrates— viz.,  dextrose^  levuloscj  sucrose,  starch,  etc 
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The  agent  which  causes  the  decomposition  of  water  and  carbon 
dioidde  has  been  proven  to  be  the  green  coloring  malter  of  the  leaves, 
under  the  influence  of  light. 

Til  is  coloring  matter,  or  chJorophyll,  will  produce  this  change  even 
when  exhausted  from  the  leaf  with  alcohol  or  petroleum  ether.  The 
raptditv  of  the  absorption  of  CO^  and  the  evolution  of  O  is  proper- 
titinal  to  the  intensity  of  the  actinic  rays  of  the  light.  The  light  from 
an  electric  light,  or  a  strong  gas-light,  will  also  cause  the  change. 

The  Sjn thesis  of  Carbohydrates  by  Plants,— The  reaction  be- 
tween CO3  and  HjO  that  takes  place  in  plants,  by  which  CO^  disap- 
pears and  ojcygen  is  evolved,  may  be  represented  jis  follows: 

CO,       +       H,0        =        O,       +        C^o" 

H 

are  reasons  for  thinking  that  this  reaction  does  not  exactly 
represent  the  change  that  takes  place^  but  that  the  chlorophyll,  under 
ihc  action  of  the  sun*s  rays,  combines  with  hydrogen,  obtained  by 
the  decomposition  of  HjO,  to  form  a  hydride,  and  the  liberation  of 
oxygen. 

This  hydride  of  chlorophyll,  or  chlorophylliiif  gives  up  its  hy- 
dni^en  to  the  CO^,  according  to  the  following  reaction: 

H^  +  CO,  -  COH,  +  O. 

In  either  case,  the  first  comixxund  formed  is  formaldehyde,  which 
by  palymcrizing  forms  QHjjO^,  or — 

H      II      H      H     H 
H     O     O      O      O       I 
0  =  C— C  — C  — C  — C  — C  — OH 
H     H     H     H      H 

It  is  thus  that  ihe  |i!ant  prepares  the  hexoses  and  pentoses,  by  the 
polymefization  of  formaldehyde,  and  then  by  slight  changes,  such  as 
hydrmlbfi  or  dehydration  of  the  product,  these  are  changed  into  disac- 
diarkls  and  polysaccharids. 

The  oi)5anic  products  of  plant  synthesis  can  be  grouped  into  the 
kXkming  five  classes: 

1.  Alcobob,  the  sugars,  and  other  carbohydrates, 

a.  Fats. 

p  Hydrocarbons^ 

4«  Pn^tdnft. 

5.  Nitrogenous  non-protein  substanoea. 

Atritnilatioii  of  Nitrogen.  — It  has  been  proven  by  many  series 
of  ei|KrifDcnU  that  the  higher  plants  can  not,  to  an  appreciable  ex- 
tent,  anhnitote  free  nitrogen  from  the  air. 


fcy/ 
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The  present  state  of  our  knowledge  Indicales  that  plants  recdi 
the  most  of  their  nitrogen  as  nitrates  and  ammonb.  By  far  the 
est  absfjrption  k  as  nitrates.  These  nitrates  are  produced  in  the  m 
by  electrical  discharges  and  the  evaporation  of  saline  waters.  (See 
p,  170.)  A  considerable  production  of  nitrates  taites  place  in  arable 
soils  under  the  influence  of  spei^ific  bacteria^  which  act  upfm  ammonia 
and  nitrogenous  matters  found  in  such  soils.  These  organisms  can 
also  fix  atmospheric  nitrogen  and  make  it  available  for  plant  nutri- 
tion. They  are  known  as  the  nitrifymg  bacteria,  and  are  always 
pr^ent  in  soils  containing  vegetable  matter,     (See  p.  542.) 

It  is  probable  that  plants  can  absorb  urea  and  some  other  soluble 
nitrogenous  bodies  of  animal  origin^  to  a  slight  degree,  but  they  aie 
quickly  traasformed  in  the  cells  of  the  roots. 

As  we  are  not  acquainted  with  the  constitution  of  proteins,  we 
can  not  follow  the  reactions  for  the  building-up  of  these  bodies  in  the 
plant.  We  do  know  by  experience  that  plants  thrive  best  on  nitrogeo^ 
in  the  form  of  nitrates;  that  the  nitrates  enter  the  circulation  anl^ 
reach  the  leaves,  where  they  meet  with  very  strong  reducing  agents  ii 
formaldehyde  and  dextrose.  This  reduction  prokibly  tak^  place  as 
we  see  it  in  warming  alcohol  with  nitric  acid,  with  the  productimi 
of  hydrocyanic  acid,  formic  acid,  and  water.  This  reaction  takes  place 
at  about  35°  to  40^  C. — 1.  e.^  at  summer  temperature. 

We  may  represent  the  reactions  as  it  would  occur  in  the  l^f  as 
follows: 


I 


Nilric  And, 


+        5COH,       = 

Farm&ldefayde* 


sHCN 

Hvdrocvamic 
Ami, 


3CO. 


5H,a 


COH     COH 

2.  4CHOH  +  NH,  -  I  I  +  sHJO. 

H 

Aspangin  AJdehydf. 

3.  3C.H,NO,  =  C.,H„N,0,  +  iH.O. 

4.  6C„H„N,0,  +  6H,  +  H^  =  C-^..^«SO,  +  aH,0. 

Liebcrklihn'ji  Albumin 
Fcdmulu. 

The  presence  of  hydrocyanic  acid  is  well  known  in  the  ahno 
laurel,  rose,  peach,  and  many  other  leaves,  fruiti>,  and  tlt.twers. 

Again,  it  has  been  shown  that  hydrocyanic  acid,  in  the  presence  of ' 
water   and   formaldehyde^   can    form   amino-acids   which    have  been 
recogni/^d  as  among  tlie  decomposition  products  of  aibumin.    Ie  is 
probable,  then,  that  the  origin  of  protein  bodies  in  plantis  is  that  indi- 
cated here  in  brief  outline. 

The  amino-acids  once  formed,  can  be  transformed  into  prolcini 
by  the  protoplasm  of  the  plant  cells,  by  which  plants  prepare  tfa«tf 
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reserves  of  potentiaJ  organic  bodies,  or  bodies  that  on  oxidation  in  the 
anLma]  body,  when  used  as  food,  can  give  out  heat  and  nen^ous  and 
oniscular  energ>% 

Aolmal  Synthesis.— We  have  seen  that  the  general  result  of  plant 
gpomh  k  syntheticaL  That  of  the  animal  is,  in  ihe  main,  destructive 
or  analyticaL  In  the  animal,  however,  we  have  synthetic  processes, 
which  resemble  those  of  the  planL  There  are  a  few  animals  whoj^ 
cells  possess  chlorophyll  {Hydra  viridis).  They  behave  like  plants 
10  the  sunlight,  giving  off  oxygen  ami  storing  up  carbon.  The  forma- 
tion of  fat  in  the  aninul  bwiy,  from  proteins  and  carbohydrates,  is 
weU  known.  Animals  ftnd  it  necessary  tu  store  up  resenx  products. 
They  convert  a  part  of  the  potential  energy  of  their  food  into  kinetic 
cncrgj\  and  a  part  remains  as  potential  energy,  stored  up  in  the  form  of 
ftdipi^se  tissue.  When  the  food  taken  furnishes  more  energ\'  than  is 
PDquircd  for  present  needs,  the  excess  is  partly  stored  up  as  glycogen 
aod  fat,  to  tie  liberated  for  use  when  the  supply  is  deficient. 

Proxiinate  Principles, — Vegetable  and  animal  tissues  are  com* 
posed  of  mixtures  of  definite  chemical  compounds  which  may  be  sepa- 
rated by  appropriate  chemical  processes.  Such  an  analysis  is  called 
pro3dmate  analysis,  and  the  comjjounds  thus  se|>aratet]  arc  called 
pmsdmate  principles. 

The  animal  Uhm\^  usually  consist  largely  of  protein,  fatty,  and 
■liberal  matters,  except  in  case  of  milk,  which  contains  all  proximate 
prtndples,  or  it  is  what  has  been  called  a  perfect  foo+i.  Vegetable 
ipods  consist  of  carbohydrates,  proteins,  and  small  quantities  of  fats. 
Some  of  the  nuts,  however,  contain  brger  quantities  of  fats.  Although 
we  lake  as  food  various  mixtures  of  vegetable  and  animal  tissues  and 
pitxiucls,  we  may  divide  the  proximate  principles  into  carbohydrates 
(hldiadlng  alaihols,  starch,  sugars,  and  gums),  fats,  proteins,  ami 
fliiQieral  lalts.  Each  of  these  has  its  special  uses  in  the  economy, 
and  all  of  them  are  necessarj'  to  the  maintenance  of  perfect  health.  If 
cfther  of  them  is  lacking  in  our  fcxwl^  the  bcjdy  can,  for  a  time,  overcome 
tlhe  deficiency  by  transforming  the  others  into  a  substitute  for  that  which 
b  ftiialflg*  It  is  found,  however,  that  this  is  always  attended  with  loss 
irf  eocvf^r  anfl  well-being. 

Origin  and  RSle  of  Inorganic  Substances  in  the  Htiman 
B©dy,— Besides  the  organic  matters  of  which  we  have  briefly  traced 
the  orif^n,  there  exists  in  human  tissues  certain  inorganic  or  mineral 
misers,  which,  from  their  constant  presence,  must  have  an  important 
oBn  to  perform.  The  human  \uh\\\  as  a  whole,  contains  abjut  70 
per  cent,  of  water  and  50  per  cent,  of  solid  matters.  The  amount  of 
adb  Ifft  00  burning  an  adult  body  is  from  3  to  5  per  cent.  Thus,  aUjut 
a  kmmh  of  the  Uxty  is  Diode  up  of  dry  orgamc  matter. 
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Gaseous  Matteis,^Ox}*gen,  partly  combined  and  partJy  m  so!i 
tion,  is  found  in  the  blood  and  in  almost  all  the  liquids  of  the  body. 
It  unites  in  the  blood  with  the  hemoglobin  of  the  red  blood -cells»  which 
renders  it  active  and  carries  it  to  all  the  tissues. 

In  this  manner  it  is  brought  in  contact  with  the  oxidizable  prod- 
ucts of  tissue  destruction,  and  burns  them,  and  as&Lsts  all  the  fls- 
sues  in  disposing  of  waste  products  of  cell-action.  An  adult  aljsork 
from  770  to  850  gm.  of  oxygen  daily,  and  exhales  by  the  lungs  540  t « 
720  gm.  as  CO3;  a  part  of  the  remainder  is  exhaled  bv  the  skin  in  \ht 
same  state,  and  a  part  is  convened  uito  water,  urea,  and  other  oxick- 
lion  products. 

The  ox)^gen  excreted  is  about  one-fifth  more  than  we  inhale,  ilie 
excess  coming  from  the  food  taken ♦ 

Nitrogen  is  found  dissolved  in  the  blood  and  other  fluids,  and  i 
contained  in  all  cavities  which  are  filled  with  gas.  In  combination  i 
assists  ver)'  largely  In  making  up  the  tissues. 

Carbon  dioxide  is  met  with  in  expired  air,  and  in  the  gases  of  the^ 
intestine,  and  in  solution  in  many  of  the  fluids  of  the  body.    In 
blood,  saliva,  lymph,  bile,  and  other  fluids,  it  is  found  in  combini^ 
lion  as  carbonates  of  the  alkaline  and  earthy  metals. 

In  the  blood  it  is  also  found  combined  with  the  alkaline  pho^)hale 
One  molecule  of  sodium  phosphate,  which  alkalinizes  the  blood,  con 
bines  with  2CO3.  This  weak  compound  can  be  decomposed  and  ^ 
COj  expelled  by  passing  through  the  fluid  an  inert  gas  at  37*^  C.  (98.5^  F.) 
or  by  the  presence  of  oxygen  combined  with  hemoglobin. 

It  also  forms  weak  combinations  with  serum-globulin  of  the  bk 
When  diluted  with  water  and  heated,  or  when  subjected  to  a  neailjl 
complete  vacuum,  these  compounds  part  with  the  carbon  dioxide.    Tli 
CO2  is  carried  from  the  tissues  to  the  lungs  in  these  weak  combinalkntSi| 

Hydrogen  is  found  free  in  the  gases  of  the  intestine,  where  it  1 
liberated  by  fermentations. 

Water  forms  about  seventy  pa*  cent,  of  an  adult  human  body, 
proportion  is  greater  in  infants  and  less  in  the  aged. 

An  adult  takes  in  about  2500  c.c.  and  excretes  about  2600  ex. 
The  excess  of  too  c.c,  excreted,  above  that  taken  in,  comes  from  I 
oxidation  of  the  food  or  tissues.     The  proj>ortion  of  water  varies  caor 
sidcrably  in  the  various  tissues  and  fluids  of  the  body.    The  sw«itJ 
contains  99.5  per  cent.;   the  lymph,  93  to  96  per  cent.;   chyle,  ^^\ 
97  per  cent;  milk,  86  to  90  per  cent.;  blood,  78  per  cent>,  as  a  meai*^ 
nerves,  70  per  cent.;  brain,  75  per  cent.;  muscles,  76  per  cent;  esni-J 
lage,  55  per  cent. ;  t>ones,  22  to  40  per  cent;  teeth,  10  per  cent. 

Water  is  essential  in  carr>*ing  on  the  vital  processes.     It  dh 
the  substances  intended  for  the  nutrition  of  the  tissues,  as  wdl  ai  * 
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iraste  products  of  their  disinlegratii^n.  It  is  thus  the  medium  of  all 
chemtcd  reactions  taking  place  within  the  body,  and  of  the  transfer 
of  materials  from  one  place  to  another-  Water  is  one  of  the  chief  agents 
used  by  plants  in  building  up  the  carbohydrates.  It  b  also,  in  the  animal^ 
one  of  the  chief  agents  used  in  the  digestion,  assimilation,  and  dissiml- 
biion  of  the  proximate  prmciples  of  foods.  The  water  of  the  tissues 
may  be  diminbhed  by  hemorrhages,  diarrhea,  and  other  exhausting 
discharges.  The  person  thus  affected  usually  suffers  intense  thirst,  and 
water  should  be  supplied  freely*  It  sometimes  becomes  necessary 
(hcmoirhage,  cholera)  to  supply  the  water  by  intravenous  injections 
of  a  0.7s  P^^  ^^*-  salt  solution. 

Frogs  die  when  they  have  lost  an  amount  of  water  equal  to  thirty  f>er 
cent,  of  their  body- weight;  but  they  can  live  for  two  days  in  an  atmos- 
phere of  pure  oxj'gen,  after  all  their  blood  has  been  displaced  by  a  0.75 
per  cent  salt  solution.  (Oertmann.)  During  this  time  they  use  the 
same  amount  of  oxygen  and  exhale  the  same  amount  of  CO^  as  in  health. 
A  considerable  mcrease  of  water  in  the  body  is  harmful,  as  it  increase 
tissue-waste,  dissolves  hemoglobin  from  the  red  corpusdes,  and  thus 
reduce  the  oxj-geo -carrying  (xjwer  of  the  blood,  and  washes  away  the 
soluble  saline  matters.  Injections  of  a  great  ezc^s  of  water  directly 
into  the  circulation  may  cause  death. 

A  deficiency  of  water,  if  prolonged^  leads  to  the  accumulation 
of  iraste  products  in  the  blood  and  tissues,  to  deficient  nutrition,  often 
leading  to  constipation,  dyspejitic  symptoms,  loss  of  weight,  and  rheu* 
ma  tic  or  gouty  affections. 

Hydrogen  peroxide  has  been  found  in  the  sweat,  milk,  and  a  few 
other  fluids  of  the  body- 
Hydrogen  Sulphide  is  found  in  the  int^tine  as  the  result  of  the 
decompostUon  of  bile  and  proteins  by  bacteria, 

AmmoniE  is  formed  by  the  retrograde  decomposition  of  protein 
mattery  but  it  soon  combines  with  acids  to  form  salts. 

Acids. — Free  hydrochloric  acid  is  found  in  the  gastric  juice. 
Lactic  acid  occurs  in  the  stomach  during  digestion,  and  it  is  pro- 
duced in  the  intestine,  along  with  butyric  acid,  by  the  action  of  special 
ferments,  Saicolactic  acid  b  found  in  the  juice  of  the  muscles  dur- 
ing and  after  active  contraction.  The  acidity  of  muscle  increases  for 
Mme  hour*;  after  death. 

Metallic  Salts,— Dissolved  In  the  fluids  or  combined  with  the 
or;gatitc  substances  composing  the  tissues,  are  found  certain  metallic 
saJlSf  which  play  an  important  rdle  in  nutrition.  They  give  to  these 
or^nic  substances  new  and  s[>€cial  properties,  such  as  solubility,  dia- 
fyzabtlity;  the  power  of  solidifying,  as  in  tendons  and  bones,  and  the 
ptopcrty  of  elasticity,  resistance,  etc.     Iron  and  copper  play  a  specific 
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rdle  in  the  (^nstinition  of  certain  bodies  (nudein,  protoplasmp  hemo 
giobin,  etc,)* 

Sodium  chloride  is  the  most  abundant  of  these  saline  bodies.  We 
absorb  and  eliminate  about  fifteen  grams  a  day.  Its  principal  func- 
lion  is  to  favor  solution  and  osmosis  of  the  protein  bodies,  and  U  thus 
^ficilitates  nutrition.  It  also  facilitates  the  carrj^ing  away  of  the  ex- 
crementitious  cnatter  fonn^  by  the  activity  of  the  cells.  Conunon 
salt  is  necessary  to  the  function  of  the  various  glands  of  the  body.  It 
enters  into  the  composition  of  cartilage,  bone,  teeth,  etc,  A  weak  soiu- 
tion  of  this  salt  incr^^es  the  solubility  of  most  of  the  proleitJs, 
It  increases  the  urinary  secretion  without  increasing  the  enminalion 
of  urea.  About  ten  to  fifteen  grams  of  NaCl  are  excreted  daily  by 
the  urine,  besides  that  found  in  the  perspiration,  tears,  and  feces. 

The  molecular  concentration  of  the  inorganic  salts  of  the  blood  is  ramAricAbly 
constant.  The  blood -serum  contains  0.5S  per  cent,  of  NaCl,  and  the  freexuig  point 
of  tionnai  blc»od  varit^s  Mule  from  — 0.56^  C. 

In  spite  of  the  constant  ingress  of  NaCl  with  food  and  drink  and  the  excrttioo 
of  salt  in  the  lear&,  sweat,  urine,  and  feces^  the  amount  contained  in  the  blood  does 
not  change.  This  means  that  the  osmotic  pressuwr  of  the  blood  remains  neirljrcco- 
stant,  wMch  seems  to  be  necessary  for  the  maintenance  of  the  physiological  fu^ctbi 
of  the  cells  of  the  l>ody.  Any  marked  reduction  of  the  molecuiar  concentntbc  of 
the  blood -plasma  is  foUo^^icd  by  a  swelling  and  disruption  of  the  r«d  cells  and  ^i- 
traction  of  their  hemoglobin.  An  increase  in  the  concentration  is  foUowed  bf  i 
shrinking  and  cicfonnity  of  these  cells^  Other  cell^  of  the  body  arc  simibrly  afiectd 
hf  variations  in  the  amount  of  salt  in  \ht  bltiod* 

The  blood  contains  other  inorganic  salts,  as  potassium  chloride,  sodtum  aad 
potas:sium  phosphates,  calcium  phosphates^  etc.  It  abo  contains  organic  maltcfsm 
soliition,  which,  however^  do  not  materially  aflfect  the  osmotic  pressuit.  The 
osmotic  pressure  is  chiel^y  due  lo  the  dissociated  ions,  some  of  which  are  eisBjr 
diffused,  while  others  are  not.  In  some  diseased  conditions  the  intake  and  output 
of  KaCl  are  not  ef|ual.  In  anemias  and  acute  fevers  this  salt  is  reined  in  tbe 
body.  In  pneumoma  the  rcicntion  uf  sodium  chloride  is  ^^ery  pranoimced.  Dwiag 
acute  fevers  the  water  and  NaCI  in  the  urine  arc  lioth  diminished.  The  phosphwei 
are  also  diminished  in  the  urine.     If  an  abundance  of  NaCl  is  gi^-en  to  fevCT 
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iherv  is  at  once  an  increase  in  the  ctimlnatjoii  of  phos;phates,  indic^tiEig  UMt  ikr 
phrtsphates  are  held  back  to  maintain  the  proper  osmotic  prvssuir  of  tfae  blend 
when  NaCl  is  given  freely  there  is  no  longer  a  necessity  for  the  phqs|JMtes>  **i 


they  are  eliminated.  In  those  diseases  accompam'ed  by  an  exudate,  targe  giaiwitics 
of  salt  are  carried  with  it.  This  loss  must  be  made  up  by  the  if^eslxm  qf  ^1|  orlle 
retention  of  sul&dent  amount  to  preser\'e  proper  concentration  df  the  blotad^fklitfi^ 
Again,  mofit  e^rudates  contain  an  abundance  of  globulinj  whicb  is  sohsble  oolr  ti 
weak  ^line  solutions*  The  presence  of  salt  is  therefore  i^ecc^ssaiy  lo  ^mtetM 
resolution  or  the  absorjition  of  these  deposits.  It  has  been  shcpwn  thai  NiOcoA- 
bines  with  albumose  and  assists  in  its  absorpcioD.  It  is  Teiy  probable  tliai  |Mi«- 
lins  form  a  soluble  compound  with  NaCL  The  NaCI  may  thus  be  ictilBed  id mir 
fevers  because  of  a  tendency  to  the  diminution  of  the  moleculw  rooccMnlioa  d 
ihe  bbod  from  the  retention  of  water  or  the  escape  of  salt  wfth  oeTtaaB  ciariitfrii 
afid  which  is  needed  to  promote  absorption  during  convalesoeac«. 

Fever  patients  should  receive  a  free  supply  of  salt  in  tbctr  loocl  ix  4mk^    ^ 
Above  intimated,  salt  promotes  the  absorption  of  aJbumose  aod  peptone^  aai  I 
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of  sodium  that  gives  most  <if  the  alkaUnily  to  ibe  blood  and  otbo-  liquik 
With  camh-orous  mfmaik  tlie  nlkatllniQ-  is  due  tc  tl)^  pli06pliaCe&  and 
cmrboiiat^  coosbined* 

These  salts  are  ftimislied  by  the  food,  especially  as  salts  of  the  ot* 
l^nk  acids,  which  hy  oxidatbii  are  converted  iiiia  cafbomtes.  Both 
the  absorption  of  ox}  gen  aiMi  the  oxidation  of  organic  matters  are  ^i-ored 
by  an  alkaiine  medium.  The  bodies  mo^  ca^y  oxidised  in  alialbe 
solntkifks  aie  the  sii^is,  alcohols,  oi^g;anic  acids,  and  then  &ts;  the 
last  being  first  saponified,  the  glycerin  and  fatty  add  being  oxidized 
separately. 

Ammonhim  carboimte  is  met  with  in  tiac^  in  the  blood.  .Am- 
monia, NHs»  is  one  of  the  retrograde  decon^posttbn  products  of  the 
proteids.  It  appears  in  the  blood,  stools^  and  breath  at  the  same  time 
Id  diokra^ 

The  allniline  phogiliales  are  fotmd  in  almost  all  tksues  of  tbe 
body.  The  pho^hate  ol  sodhm^  HN,POj,  is  the  one  to  which  the 
alkalinity  of  the  blood  is  la^gcfy  due-  The  jx>tassium  salt  predooii- 
nates  in  the  blood-cells,  and  ^e  sodium  salt  in  the  blood-plasma*  The 
blood  of  omnivorous  and  carnivorous  animab  contains  more  phos- 
phates than  that  of  the  herbivoTDus.  The  pho^hates  are  eliminaial 
principally  by  the  urine  in  the  form  of  neutral  or  acid  phosphates  of 
sodium,  calcium,  and  magnesium.  A  litde  is  excreted  by  the  feCB» 
and  a  smaU  amount  in  some  other  forms. 

As  we  take  a  large  part  of  our  phosphates  In  our  food,  as  the  |«- 
tasshim  salt,  it  h  probable  that  the  sodium  salt  is  formed  by  the  readiOQ 
of  NaQ  upon  K^^^i  ^^  ^^  blood  and  l^ioiph. 

KjHPO.  +  aXaCI  -  Na^HPO.  +  aKCL 

From  this  reactbn  there  results  the  NaaHPO^  of  the  plasma  and  EQ 
of  the  corpuscles. 

In  all  actively  growing  parts  of  the  body,  in  red  and  white  Wood- 
corpuscles,  in  musdeSf  ner\e- tissue^  yolks  of  eggs,  the  seeds  and  young 
grouts  of  plants,  we  usually  find  certain  organic  bodies  rich  in  pltf^ 
phorus,  such  a^  lecithin,  nuclein,  legumin,  etc. 

The  earthy  phosphates  are  met  mth  in  the  bones,  teeth,  and  m 
less  amount  in  certain  tissues  and  in  the  urine. 

The  carbonate  of  calcium  is  found  to  a  slight  extent  m  booei 
and  in  the  shells  of  moUusks.  It  sometimes  occurs  in  soiutioai  as  lit 
btcarbonate,  but  often  in  the  insoluble  state. 

This  salt  sometimes  gives  rise  to  concretions  in  the  saliva,  or  t]p<Hi 
le  teeth,  and  in  the  labyrinth  of  the  ear  (otoliths)- 

Silica  occurs  Ln  small  quantity-  in  both  plants  and  animak,  bat  its 
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Fitnctioii  has  not  been  dearly  made  out.  It  has  some  welWcfmcd  use, 
and  IS  found  very  widely  dbtributed  in  both  animals  and  plants. 

Iron  is  found  as  an  essential  constituent  of  certain  coloring  mat- 
ters, as  hemoglobin,  yolk  of  egg,  the  pigments  of  the  skin,  hair,  eyes, 
The  most  remarkable  comiKJunds  containing  it  are  the  hemoglobin 
the  red  blood-coqiusdes  and  the  nuclein^  or  the  nucjei  of  the  ceils 
thmughout  ihe  body*  One  thousand  parts  of  the  blood  of  man  con* 
lain  0.56  part  of  iron;  of  beef,  0,51 ;  of  the  gt>at,  0*33  part. 

Most  of  our  food  and  drink  contains  traces  of  iron,  and  our  meats 
omtam  enough  to  satisfy  our  wants.  It  is  eliminated  by  the  bile  and 
fcrei.  Inm  comjxiunds  seem  to  be  the  principal  carriers  of  uxygen 
in  the  blond.  We  administer  iron  to  increase  the  hemoglobin  and  the 
oiMking  power  of  the  blcKMl. 

In  vegeUibles,  it  enters  into  the  composition  of  the  protoplasm  of 

fceHs^  and  possibly  in  the  chlorophyll,  although  ihij*  is  disputed, 
Imn  seems  In  be  essential  to  the  growth  of  plants  as  well  as  uf 
^olmaU, 
B  C4>jjper  enters  into  the  composition  of  some  plants  and  anlmaK 
TO  it  always  occurs  in  these  or^nisms,  it  is  safe  to  say  that  it  has  some 
ankfHiwn  role  lo  perform.  In  certain  organisms  it  seems  to  replace 
iTDii.  Copper  Ls  found  to  exist  in  nuny  cereals  and  fijodprfxlucts. 
Lead,  manganese,  silver,  zinc,  and  other  metals  are  frequently  taken 
with  food  or  drink*  and  that  they  exert  some  action  on  the  economy 
b  certain,  although  we  are  ignorant  of  their  exact  functions. 
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tare  or  comix>sition  of  living  protoplasm  we  know  ver)*  little.     The 

diifnikt   tun   only  study  the   dead   material   separated    by   processes 

vbkb  decompose  and  ilisirUcgnite  it  into  its  constituents.     Wlien  thus 

timfiosefl  we  (ind  the  most  abundant  c^>nstituent  to  be  water. 

The  mmt  abundant  protein  present  is  nucleo- protein.  There  is 
^  mU  also,  some  globulin  uml  a  trace  ui  albumin.  Among  the  other 
»lid  mbitajices  coixstiivtly  found  in  the  decomposition  fimducts  of  jjro- 
iBplMn  are  leciihin,  cholesterin^  and  certain  inorgnnic  siilts,  csj serially 
plaipliates  and  chlori«jcs  of  calcium,  sixlium,  and  (K^tasf^ium,  Vrt* 
qo^l^  fat  and  a  caH>c»hydrate,  such  as  glycti^en  or  n  suRar»  are  fmind. 
Living  protoplasm  is  a  transfiarcnt,  gelaiinous»  cohesive  masj^,  heavier 
dhin  waler,  usually  of  alkaline  reaction,  though  occ^i^icmally  acid.    Dead 


5iO  HEDICAL  CHEMXSTRV. 


essessH 


protojjlasm  is  acid  in  reaction,  due  lo  kcllc  acid.    It  possesses  \ 
r^ucing  reactttin,  due  to  ihe  presence  of  an  aldehyde  group  in  Its 

h  readily  reduces  alkaline  sOver  solutions;  but  dead  pioto 
docs  not  do  so.  M 

Thic  rcdudog  action  of  living  proioplasm  can  be  shoim  by  injecting^ 
drculAti^rt  of  an  animal  coloring  tnattcrs,  such  as  indigo  or  aJizarin  bJue,  wfc 
decqluriic<:d  by  reducing  agents  By  this  means  it  k  found  Ihat  cert^n  or^ 
stained  biuc,  wliile  others  are  not  stained. 

Sonic  of  the  dells,  by  this  method,  seem  to  possess  an  acidizing  act  ion , 
most  of  the  active  functionating  cclb  are  reducing  agents.  While  living  prof 
will  not  stain,  by  many  of  the  usual  stains,  idthout  suspension  of  theb-  fui 
there  anr  ii  few  anilin  stains  which  arc  non-toxic  enough  that  they  may  be  a1 
by  living  ^clls.  In  such  cases  h  h  not  the  protoplasm  which  stains,  but 
^aouk^  which  it  contains  and  which  take  the  stun.  Dead  protophw 
I  with  basic  stains.  "J[ 


] 


In  strticture^  the  cell  '15  made  up  of  transparent,  or  hyaline, 

plasm;  a  fibrilUir  network,  or  stroma,  which  makes  up  the  sol| 
stance  of  the  cell,  and  which  is  continuous  with  the  nucleus;  and] 
a  cell- membrane,  or  cell  wall,  of  formed  material  sometimes^ 
hyaloplasm.  The  fibrillar  network  is  different  ir?  composition  in 
transparent  intrafibrilkr  protoplasm,  in  that  it  is  comj-iosed  of  r 
proteins  and  nuclef>gluco-proleins  of  somewhat  variable  co 
tiott,  acid  in  reaction^  and  containing  more  phosphorus  than  the  a 
proltjplasm.  The  nucleus  and  this  stroma  have  apparently  thtj 
chemical  composition.     (See  Nuclein,  page  496.) 

As  above  stated,  the  most  abundant  of  the  proteins  to  be 
among  the  primary  decomposition  products  of  protoplasm  is  1 
protein^  the  amount  varying  in  different  cells  from  1  to  1.7  pe 
This  substance  has  received  the  naraes^  by  varjous  authors,  o 
fibnnogan,  cytoglobtn,  preglobulin^  Bucleo-histoii,  and  h 
This  substance  conlaim  less  phosphortts  than  the  nucleo-prol 
die  nucleus  and  fibrillar  network.  J 

Cell-globulin  (cytoglobidin),  coagulating  at  47°  to  50*^  C,  tsS 
stant  constituent  of  cells.  There  is  present,  also,  a  small  quar 
albumui.  It  is  not  known  w^hether  these  proteins  are  ftxid  pr 
of  the  protoplasm,  or  nucleus,  or  whether  they  are  decorop 
jiroducls. 

Albumoses  and  peptones  have  been  found  in  certain  cells  b) 
authors,  but  it  is  probable  that  ihey  are  either  the  result  of  pos 
lem  changes,  or  arc  decomposition  products  due  to  die  manipul 
entploytnl  in  separating  the  other  proteins.  Pus-celb  seem  Ic 
lain  albumoses  and  pc|>tones  which  are  the  result  of  retrograde  ch; 
Myosin  is  abscai.    Glycogen  can  often  be  detected  in  pus<e 
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Iodine  reaction.  PigmBnts  (pyocyania,  pyoxanthose)  may  fre- 
quency occur  in  pus  as  the  res^ult  of  the  growth  of  chromogenic  bac- 
leria.    Hemoglobin  is  found  in  the  red  blood-cells,  and  chlorophyll 

■  in  the  ^een  cells  of  plants. 
Cell- membrane. — Some  cells,  as  the  epithelial  ceils,  are  inclosed 
in  a  thicks  distinct  membrane  of  whose  composition  we  know  ven^  little. 
The  cell-wall  of  pbnts  is  usually  composed  of  an  insoluble  carbohy- 
drate— cellulose. 

In  other  cases  no  distinct  cell-wall  can  be  made  out,  but  in  all  cases 

»  there  is  a  somewhat  differentiated  layer  of  protoplasm  at  the  periphery, 
which  serves  the  puqxise  of  a  limiting  membrane. 

This  membrane  is  usually  a  semipermeable  membrane.  The 
membrane  substance  dissolves  in  strong  acids  and  alkalies  and  in 
gistric  juice,  unless  it  be  very  thick  or  composed  of  keratin  or  cellulose. 

Cell-metabolism.— Of  the  chemical  changes  that  take  place  in 
living  cells  we  know  little.  That  they  take  in  nourbhment  and  ex- 
crete waste  products  we  know,  but  how  this  is  done  is  in  doubt. 
The  active  part  of  the  cell  is  the  nucleus.  Gautier  divides  the  cell- 
protoplasm  into  two  zones:  the  inner  one,  in  which  the  processes  are 
entirely  a  reducing  action,  or  hydrolysis;  and  the  outer  ^sone,  in  which 
the  action  is  oxidizing. 

Cell  nutriment  is,  like  that  of  more  complicated  organisms,  solid| 
liquid,  and  gaseous;  inorganic  and  organic^  the  last  being  composed j 
diiefiy  of  carbohydrates,  fats,  and  proteins. 

Certain  cells  with  vtry  thin,  elastic  walls  inclose  solid  bodies  in  an 
improvised  stomach  made  by  this  process.  Leukocytes,  rhizopods, 
and  ameba  digest  solid  particles  in  this  way.  Liquid  nutriment  is 
usually  obtained  by  absorption  through  the  cell -membrane,  either  by 
osmosis  alone  or  assisted  by  the  expansion  of  vacuoles  in  the  proto- 
plasm. 

Each  ceU  has  an  elective  power  for  certain  substances  found  in  the, 
liquid   surrounding  them^  which  is   largely  determined   by  the  perJ 
meability  of  the  cell- membrane  for  those  substances.     The  absorption 
and  excretion  of  substances  through  the  cell-wall  is  also  largely  governed 
by  the  laws  of  osmotic  pressure  and  diffusion. 

Both  in  the  unicellular  organism  and  the  more  complicated  multi- 
cellular organism,  the  digestion  or  the  preparation  of  ftiodstuffs  for  as* 
'      similatioD  is  brought  aljout  by  the  agency  of  soluble  enzymes  prepared 
B  by  the  protoplasm  of  the  cell  itself. 

^  Some  of  these  prepared  substances  are  immediately  used  by  the  cell 
or  tissues^  while  others  may  remain  in  solution  or  be  deposited  as  resene 
materia^  as  glycogen,  eel  I -granules,  fat,  etc.,  of  animal  ceQs,  and  chloiio- 
hyll,  aleurone  granules,  starch,  ethereal  oils,  fat,  etc.,  of  plants. 
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The  granules  of  animtil  cells  iire  ihoughl  by  some  to  be  stn 
by  others  the  active  or  functionating  part  of  the  cell^  and  by  still  oil 
the  55ymogcn  of  the  digestive  enzymes.  It  h  difficult  to  determine  wl 
uf  the  substances  found  in  cell -protoplasm  are  primary  products 
food  products,  and  which  are  waste  products  of  cell-acllon. 

Oxygen  and  water  are  necessary  for  the  normal  activity  of  cetls, 
chemical  changes  which  lake  place  in  the  cell  are  either  a  proces 
liydn>lysis  or  oxidation  or  both. 

The  assimilative  or  anabolic  proct^ses  are  mostly  reduction  f 
esses,  or  hydro lysij^  and  the  katabolk  process  Is  at  first  a  hydro 
followed  by  oxidation* 
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ENZYMES  AKD  FERMENTS. 
Fermeiitatloii  ii>  a  function  of  living  protoplasm  or  of  a  subs! 
pret>ared  by  it.  It  consists  of  a  decomposition  of  a  complex  or| 
substance  into  substances  of  simpler  composition  by  protoplasm  < 
enzyme  prepared  by  it*  It  follows  that  those  fermentative  proc 
in  which  the  protopksm  is  the  agent,  are  intracellular.  Such  ch^ 
probably  occur  in  many  bacterial  celb  and  in  the  alcoholic  ferment 
of  ripe  fruits.  In  by  far  the  greater  number  of  instances  ferment 
changes,  even  intracellular  changes,  arc  brought  about  by  enzymes  r 
than  by  the  protoplasm  itself.  The  enzymes  are  a  group  of  colloid 
Stances,  prepared  by  the  protoplasm  of  living  cells,  which  are  solul 
water  or  weak  saline  solutions,  and  possess  the  projjerty  of  prodi 
chemical  changes  in  other  organic  substances  with  which  they  coi 
contaa.  ^ 

Nature  of  the  Enzymes*— The  punc  cnaymcs  have  not  yet  been  isc 
The  purest  enzynics  thai  have  Ijeeti  jirepared  do  nut  give  the  prattin  reai 
They  seem  tn  be  colloid  bodies  of  unknown  constitUliiMi.  The  enzymes  an 
eraJly  veiy  easily  affected  by  their  environment.  Their  aciivity  h  greatly  inilu 
by  tempemtuTie^  reaction  of  the  fluid  conuining  them,  and  by  the  presence 
substances  which  they  form.  The  acUvily  of  enzymes  la  not  manifested  at  ve 
temperatures.  It  increases  with  an  increase  of  temperature  until  a  max^imum  a> 
Is  reached,  called  its  optimum  temperature,  which  varies  somewhat  with 
enjcymc  betvieen  50°  C-  and  50'=  C.,  after  which  [t  decreases  and  is  entirely  ] 
jS^\q  too*'  C. 

Some  of  them  net  best  in  an  acid  medium,  others  act  only  in  an  alkaline  me 
while  others  act  equally  well  in  both   feebly  acid  and  feebly  alkaline  solu 

In  all  cases  the  activity  is  lessened  and  finally  arrested  by  the  accumu 
in  the  solution  of  the  products  of  their  action*  The  cicart  explanation  of  ho 
enzymes,  or  protoplasm,  produce  fermentative  changes  is  unknown.  The 
probable  hypothesis  is  that  the  enzyme  enters  into  combination  with  the  subs 
acted  upon,  with  the  absorption  or  elimination  of  water  or  the  alisorption  of  oj 
This  compound  then  reacts  with  another  molecule  of  the  original  substaac 
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wtiidi  tkc  enxymr  ts  a^m  set  free.  They  may  act  simply  os  caiiilystrs  to  a€ce!emte 
the  velocity  of  the  rtaction.  It  is  wc!l  kao^'n  that  most  of  the  reactions  which 
are  altribulcd  to  the  cn2ym<^  ^  til  proceed  vtry  slowly  without  them,  sis,  for 
txafnplp,  the  cleavage  of  proteins  and  boiled  starch, 

ClASslfication. — The  enzymes  are  most  conveniently  classified  ac- 
cording to  the  materitils  u|>on  which  they  act.  As  we  have  no  method  of 
preparing  ihe  pure  enzymes,  we  can  only  study  them  by  what  they  do* 
Formerly  the  ferments  were  dividtxl  into  organized  and  imorganized  or 
soluble  ferments y  or  enzymes.  This  distinction  can  not  now  be 
dearly  detined,  as  the  process  of  fermentalion  is  in  all  cases  the  result  of 
pnifoplasmic  activity.  The  number  of  eni^ymes  known  is  <iai!y  increas- 
ing with  our  knowledge  of  cell-metaljoUsm.  Only  the  moi^t  important 
ol  them  can  be  mentioned  here.  The  following  are  the  principal 
groups  of  enz}Tnes : 

1,  Those  which  transform  Insoluble  carbohydrates  into  sugars,  as 
diastase^  which  acts  upon  starch;  inulase^  ufK>n  inuHn;  and  cytase, 
which  hydrolyzes  cellulose, 

3.  Those  which  decotnpose  the  disaccharids  into  monosaccharids,  as 
invertase,  which  converts  cane-sugar  into  dextrose  and  levulosc;  gin- 
case,  which  splits  maltose  into  de^ctrose. 

J.  Those  which  split  up  glucosides  into  a  sugar  and  various  other 
bodies,  as  emuism,  myrosin^  etc. 

4.  Th<>5e  which  bydrolyze  proteins,  as  pepglni  trypsin,  bromelin, 
and  papam. 

5.  The  clotting  enzymes,  as  rennin  *)r  chymosin,  which  curdles 
milk;  tlirombase,  which  coagulates  bkxKl;  ami  pectasei  which  form; 
vegetable  jellies. 

6.  Those  which  saponify  fats^  ciilled  lipase, 
J.  The  oxidases  or  those  which  assist  in  the  oxidation  of  various 

nccs,  as  laccase,  which  Cii uses  the  production  of  lacquer  varnish 
the  juice  of  the  lac  tree  of  southeast  Asia;  and  tyrosinase,  etc. 

Bcsiiles  these  groups  there  are  itidivitJuals  which  have  a  specbl  action 
not  includes!  in  the  abcwe,  as  urease,  which  converts  urea  into  ammonium 
i3irl>onate. 

In  many  cases  the  enzymes  do  not  exist  in  the  free  or  active  rondiii«^n 
tn  the  cclbj  but  in  the  form  of  an  inactive  aniecerlent,  io  which  the  name 
of  zymogen  i?i  applied.  It  is  frequently  nece%^iry,  therefore,  to  treat 
the  tb^ue  with  some  reagent  that  shall  convert  the  xymo^cn  into  an  active 
eojtyme,  in  tmht  to  obtain  an  art ive  extract.  The  solutions  of  the  en- 
xymes  readily  under^j  fermentation  and  putrefattifin,  and  lose  thdr 
mivity.  It  is  esMrntial,  then,  to  insure  the  preservation  of  their  activity 
in  iij|ulii>m,  that  sfimc  antiseptic  ^>e  employed,  *l1)e  most  suitable  antl- 
Mfitksffir  tbii*  purpose  titi:  chlonifonn  (1  :  300),  thymol  (5  per  cent.), 
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salicj^lic  acid  (i  per  cent.),  and  alcohol  (15  to  25  per  cent.).  In  order  to 
disiinguish  between  the  soluble  enzymes  and  an  organised  ferment,  it  is 
best  to  carrj^  on  the  digestion  m  the  presence  of  chloroform,  which  is 
inert  toward  an  enzyme,  but  inhibits  the  growth  and  activity  of  organized 
ferments.  Sodium  fluoride  (i  per  cent.)  entirely  checks  the  growth  of 
the  organisms,  but  is  without  action  on  the  soluble  ferments.  J 

Diastase  is  an  enzyme  secreted  by  the  embrj-o  of  plant  seeds  atV 
the  time  of  sprouting.  Malted  barley  contains  at  least  three  distinct 
enzymes.  One  of  diese  acts  upon  cellulose,  one  upon  starch,  and 
one  ui>on  proteins.  This  first,  or  cellulose  ferment,  u  sensitive  to  ele- 
vated temperatures^  and  to  obtain  it  in  an  active  state  it  is  best  10  exhaust 
it  from  malt  that  has  not  been  heated  to  a  temperature  above  35*^  to  40°  C* 
(95°  to  104°  F,).  At  temperatures  above  110°  F,  it  begins  to  lose  its  ac- 
tivity, and  at  130'^  to  140"^  F.  it  is  rapidly  killed.  Starch  diastase  h  mcwie 
resistant  to  heat,  but  begins  to  lose  its  activity  at  and  al>ove  125*^  F.  In 
the  sprouting  grain  the  cellulose-dissolvrng  ferment  is  of  service  in  dis- 
solving the  envelope  of  the  starch  grains.  The  chief  object  of  diastase 
is  the  conversion  of  starch  into  dextrin  and  maltose* 

Saliva  and  pancreatic  diastase,  if  not  identical  with  vegetable  diastase,  ict 
In  (^.xactiy  the  aamc  way  for  a  time ;  but  the  prolonged  contact  of  these  ferments 
changes  the  maltose,  first  formed j  to  glucose,  while  malt  diaslasc  does  not*  They  ail 
act  upon  cooked  starch  mth  great  rapidity,  but  have  a  very  slow  adion  upon  riw 
starch.  The  process  is  one  of  h ydrolysis^  and  the  action  is  similar  to  that  whicb  Ukt% 
pJace  when  dilute  sulphuric  acid  b  boiled  t^iib  starch  or  cellulose.  When  water  is 
added  to  HjSO,,-it  probably  forma  H^O^^S  (H^SO^  *  2H,0),  or  orthosulphurie  adA. 
This  acid,  when  boiled,  tends  to  part  with  a  portion  of  its  water,  and  if  starch  oroiliff 
easily  hydrated  compound  be  present  it  imparts  this  water  to  that  body,  in  Ibe 
nascent  state,  so  in  speak*  Diastase  acis  upon  the  starch  at  ordinary"  temperatures 
in  the  same  way  that  H^^O^  does  at  a  higher  temfieraiurc.  The  first  effect  is  tbor- 
oughly  to  liquefy  the  starch,  then  convert  it  into  dextrin,  and  finally  the  dcitrin  1010 
maltoae*  The  most  probable  explanation  of  how  the  change  is  effected  is  that  the 
enzyme  combines  with  the  starch  to  form  a  compound  which  reads  with  water  lai 
splits  up  into  two  simpler  compounds — the  one  a  hydrate  of  the  starch  and  theo«li« 
the  original  cn7yme  itself. 

The  diastase  of  the  pancreatic  juice,  also  called  amylopsini  h  similar  in  its 
action  to  the  diastase  of  the  saliva  and  to  maJt -diasta^^  already  described 
Like  these,  it  converts  starch  into  maltosi.^,  but  it  acL^  belter  in  the  presence  of  bile 
than  when  alone. 

Extracts  of  malt,  as  met  with  in  the  market,  are  infusions  of 
malted  barley,  containing  dextrin,  malt -su gar ^  and  dextrose.  The 
bitter,  non-sriccharine  "malt  exlracts"  of  the  market,  as  a  nikj  ctmDiii 
little  or  no  diastase,  and  are  ;? imply  weak  beers  or  infusions  of  malt 
containing  the  bitter  principles  of  hops. 

A  Sf>lid  extract  is  produced  by  evafKirating  an  infusion  of  mall, 
generally  in  a  vacuum -pan,  at  a  comparatively  low  temperature,  4f  ^ 
{iiQ^  F.).     It  should  have  a  light  color;  ihe  taste  should  be  peculuirl/ 
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sweet  and  the  odor  pleasant.  The  solution  in  nine  parts  of  water  should 
be  only  slightly  turbid,  and  should  give  an  abundant  precipitate  a  few 
minutes  after  being  mixed  with  an  equal  volume  of  picric  acid.  The 
insoluble  matter  should  appear  under  the  microscope  as  amorphous 
coagula  and  hexagonal  prisms. 

The  amount  of  starch  that  a  given  weight  of  diastase  can  iransfonn 
IS  variously  stated  at  from  2000  to  ioo>ooo  times  its  own  weight,  which j 
however, seems  to  be  a  fixed  quantity  with  any  given  specimen  of  diastase. 
The  rapidity  of  its  action  seems  to  depend  u^Km  the  relative  proportions 
of  starch  and  ferment  present.  When  the  ferment  is  jiresent  in  large 
quantity,  the  action  b  very  rapid j  almost  instantaneous;  while  if  it  is 
sm;ill  in  proportion  to  the  stajrch,  it  is  slower  in  action.  Diastase  does 
not  exist  in  the  saliva  and  pancreatic  Juice  of  very  young  infants  in 
su6icient  quantity  to  digest  much  starch.  The  digestive  power  varies 
gready  in  different  infants. 
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Iniilftse.  ^Besides  starch  and  glycogen,  plants  store  up  a  reserve  material  in 

ftfie  fbrxn  of  mulin*     Ii  usually  occurs  in  the  sap  of  cells,  and  may  be  precipitated  by 

dL     It  resembles  starch  m  composition  and  muiit  be  changed  into  sugar 

"(froctose)  before  the  plant  can  use  iL     This  is  accomplished  by  an  enzyme  called 

IDUlaset  which  is  secreted  during  germination. 

Cytase  is  an  enzyme  whkh  diss^jlves  the  cell -wall  of  certain  sceds^  to  prepare 
food  for  the  y<iung  embrv'o. 

Sugar-splittmg  Enzymes,— In vertasc  is  a  femaent  e^iing  in  the  Intestinal 
juice,  which  has  the  power  of  inverting  cane-sugar — i.  e*,  it  converts  it  into  dextrose 
and  kvulosc-  Of  its  compodtion  and  other  properties  little  is  known*  Invtrtme, 
or  a  substance  possessing  the  same  property,  as  well  as  a  diasiasic  ferment,  is  found 
in  the  liquid  Donion  of  bakers'  or  brewers'  yeast*  after  the  cells  have  been  killed  by 
akohoL  WKile  alive,  the  cells  do  not  impart  the  invertin  to  the  solution*  In* 
vertin  does  not  a^ecc  lactosei  maltose^  starck,  or  gums. 

Lactase  is  an  enzyme  that  has  been  extracted  from  the  intcstlna!  mucous 
membrane  of  young  animals,  and  which  ba^  the  property  of  splitting  lactose  Into 
deztn»e  and  galactose. 

MaltAse,  or  glucase,  is  an  enzyme  which  splits  maltose  into  glucose.  It  has 
been  fbund  in  the  intesliriiL]  mucous  membrane,  in  the  pancreas,  liver,  and  several 
^H  other  glands.     It  abo  occurs  in  yeast  and  certain  mold  fungi. 

^m  Glucoside-splitting  Enzymes  > — Emulsm^  or  synaptase,  occurs 
^piti  sweti  and  bitter  almonds.  It  may  be  exlracicd  by  digesting  the  al- 
'  monds,  frccfl  from  fat  by  pressure,  for  several  hours,  with  water.  The 
fiUcreci  liquid  b  acidified  with  acetic  acid,  to  precipitate  conglutin,  and 
the  eraulsin  is  then  thrown  down  with  aJcohol^  filtered  off,  washed  with 
alcohol^  and  dried ^  It  is  a  white,  friable  mass^  soluble  in  water,  and 
capable  of  converting  large  quantities  of  amygdalin  into  sugar,  prussic 
acid,  and  bensoic  aldehyde;  it  also  converts  salicin  into  sugar  and  sali- 
gen  in.  Its  aqueous  solution  readily  decomposes,  yielding  lactic  acid. 
A  similar  ferment  has  recently  been  found  m  certain  parasitic  plants, 
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by  which  they  arc  able  to  decompose  glucoswles  found  in  the ' 
which  they  gniw. 

Myrosin  is  the  feroienl  of  musUird,  acting  upon   the  glu 
sinig^in*  I 

Proteolyttc  Enzjrmcs*— Pepsin  {Br.),  pepsinum  (U.  S,  FM 
tatned  in  gastric  juice,  is  secreted  by  ihc  glands  of  the  stomach*  ^ 
1*0  separdted  from  the  uiher  const  it  uciits  of  filtered  gastric  ]u| 
diiilviiis,  as  it  does  not  diffuse  through  membranes.  It  is  readilj 
pared  by  digesting  the  muouus  membrane  of  the  pyloric  end  i 
stomach  of  the  fiig,  Urst  with  strong  alcohol,  and  after  twenty- four 
cxj>elHng  the  alcohol  by  pressure^  and  digestbg  for  Rime  dayi 
glycerin,  slightly  acidified  with  hydrochloric  acid.  It  is  filtered  thl 
muslin  J  then  through  paper^  the  pepsin  precipitated  with  a&f 
aJcohol»  collected  on  a  filter  and  dried.     Other  melhcMls  are  in  ius| 

Pepsin  is  a  yellowish-  or  grayish-w hite  powder,  soluble  in  watt 
glycerin,  but  insoluble  in  alcohol.  It  gives  few  of  the  albumin  real 
and  is  precipitated  by  the  acetates  of  lead.  When  dry,  il  may  be  faei 
iio**  C,  (230^  F.)  without  losing  its  activity,  but  its  solutions  lose  1 
much  lower  temperature.  Its  activity  is  greatest  at  about  40^  C,  (toi 
and  requires  hydrochloric,  phosphoric,  lactic,  or  other  dLiute<J  acidj 
velop  its  peculiar  action.  The  presence  of  0.1  per  cent,  of  NaCl ) 
its  action,  but  more  than  0,5  per  cent,  hinders  it.  Admixture  of  bilj 
bolic  acid,  or  an  excess  of  alcohol  retard  or  entirely  prevent  its  a 
Nearly  all  melallic  salts  diminish  the  action  of  pepsin*  Calomel 
exception  to  this  rule,  as  are  also  arsenous  and  arsenic  acids,  Ms 
the  alkabidal  salts  have  a  retarding  effect,  but  the  chlorides  hav 
than  the  sulphates.  Sugar  has  a  retarding  action.  Sodium  salic 
amipyrin,  anlifebrin,  paraldehyde,  and  thallin,  in  small  doses,  stirr 
the  action  of  pepsin.  Sodium  carbonate  quickly  destroys  it.  Tht 
of  gastric  juice  is  mostly  hydrochloric  during  the  intervals  of  dige 
but  during  digestion  several  organic  acids  are  set  free  by  the  hydrocl 
acid  from  the  acetates,  malates,  tartrates,  etc.,  taken  with  the  foe 
that  the  real  work  of  the  digestion  is  accomplished  with  the  aid  of  va 
organic  acids  insteiid  of  hydrochloric  alone.  The  specific  acti( 
jiepsin  is  the  change  of  proteins,  whether  coagulated  or  not,  in( 
bumoses  and  peptones.     Peptone  is  scarcely  altered  by  putrefai 

The  proteolytic  activity  of  pepsin  varies  greatly  according  t( 
process  of  manufacture,  and  the  care  exercised. 

The  U.  S.  P.  requires  that  the  official  pepsin  shall  digest  3000  1 
its  own  weight  of  freshly  coaguLited  and  disintegrated  egg-albumin  i 
hours,  ^vhcn  tested  l>y  the  official  method. 

Trypsin  occurs  in  the  pancreatic  juice,  and  may  be  extracted  1 
the  pancreas  along  with  the  other  enzymes^  by  a  process  similar  to 
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Idescribed  above  for  pq>sin,  except  ihat  no  acid  is  used-  Thus  prepared, 
Ipancreatin,  pancreatmum  (U;  S.  P.),  is  a  yellowish  white,  amorphous 
^powder,  soluble  in  water  and  glycerolj  but  precipitated  by  alcohol.  It 
possesses  the  property  of  acting  upon  the  jiroteids  in  a  w^ay  Rjjnewhal 
similar  to  pepsin,  but  is  active  only  in  alkaline  solutions.  It  is  claimed 
by  some  recent  ^Titers  that  trjpsinogcn  is  changed  into  tiypsin  by  a 
special  ferment  known  as  enterokinase. 

Most  of  the  peptone  at  first  formed  by  the  pancreatic  juice  is  after- 
iraid  converted  into  t>TOsin,  leucin,  aspartic  and  other  amino-acids. 
The  digestion  of  the  proteins  is  thus  begun  in  the  stomach,  in  an  acid 
medium,  and  finished  in  the  smalJ  intestine,  in  an  alkaUne  medium. 
There  is  this  difference  in  the  tw^o  prriccsses:  that  while  acid- pepsin 
readily  liquefies  the  protein  bxlies,  it  docs  not  completely  convert  them 
into  peptones;  this  completion  of  the  process  k  more  quickly  and  com- 
kpleielv  done  bv  the  trypsin,    (See  under  Albumoses.) 


in  is  an  enzyme  said  to  exist  in  the  epitheliai  cells  of  the  vlUi  of  the  in- 
,  which  cfaang^s  the  peptones  into  amino-arlds* 
^^etin  is  a  substance  found  in  the  duodenum  and  generated  from  a  pro- 
secretin  bv   hydrochloric   and  other  acids,  and  which  stimulates  the  secretion 
of  pancreatic  fluid. 

Papain  is  a  ferment  prepared  from  the  miUty  juice  of  the  papaw 
It  is  a  white,  amorphous^  granular  powder.  It  is  soluhle  in 
water  and  glycerol.  This  ferment  peptonizes  proteins  \'ery  rapidly^ 
the  end  product  being  leucine  and  also  coa^lates  miJk.  It  acts  like  tryp- 
san.  It  has  been  used  to  digest  the  membrane  of  croup  ami  diphlhe- 
Hydrochloric  acid  lessens  its  action,  as  does  carbolic  acid,  but 
tfiey  do  not  arrest  it.  It  can  act  in  an  alkaline,  neutral,  or  feebly  acid 
solution.  Under  the  name  of  papoid  and  caroid  it  is  found  in  the 
market  as  an  active  digestive  agent.  It  resembles  in  its  actbn  the 
tiypsin  of  pancreatic  fluid. 

Bromelin  is  the  name  given  to  the  proteolytic  ferment  of  pineapple 
juice. 

It  appears  to  be  associated  with  a  peculiar,  proteose-like  substance. 
i  acts  upon  fibrin,  albumin^  and  myosin  to  produce  proteoses.  It 
not  seem  to  produce  peptone. 

Similar  protct>lytic  ferments  have  been  found  in  the  juice  of  the  fig- 
tree,  in  the  fruit  of  Cuawiis  ttti/immus,  a  plant  found  in  India,  and  in 
certain  seedlings,  as  barley,  l»0[>py,  maize,  wheal,  rye,  etc. 

The  Clotting  Enzymes,— Rennin  (lab,  chyrposin,  pressure, 
rennet),  or  miik-curdling  ferment,  is  found  in  the  e?£tract  of  the  pancreas. 
It  is  not  sty  abundant  in  this  gland,  however,  as  in  aqueous  and  glycerol 
extracts  of  the  mucous  membrane  of  the  stomach.  This  ferment  is 
(bund  also  in  certain  vegetable  organisms  and  bacteria. 
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Nothing  is  known  of  the  chemical  nature  ol  rennin.  Under  the  name 
of  rennet  it  has  been  employed  for  centuries  to  coagulate  the  casein 
of  milk  in  the  manufacture  of  cheese.  For  this  purpose  it  is  usually 
prepared  fnim  the  stomach  of  the  calf,  where  it  exbts,  in  the  form  of 
rennin  zymogen^  which  is  converted  by  standing  or  by  weak  acids  inlo 
rennin.  It  occurs  in  the  stomachs  of  both  children  and  adujts.  It  has 
been  found  in  small  quantities  in  normal  urine. 

The  optimum  temperature  of  rennin  is  about  40°  C,  but  ii  is  des- 
troyed at  alxjut  55°  C,  It  requires  caldum  salts  for  the  clotting  of  milk* 
The  best  effect  is  [produced  %vith  the  phosphate.  A  vegetable  rennet 
occurs  in  the  paj^aw  and  in  the  pineapple. 

Fibrin- ferment  (Tbrombase).— The  coagulation  of  paragJobubn 
in  the  formation  of  blood -clot  is  now  believed  to  be  caused  by  a  special 
ferment. 

It  may  be  prepared  by  mijcing  blood -serum  with  ten  to  fifteen  volume 
of  strong  akoht>l,  alluwing  it  to  stand  fourteen  days,  and  filtering.  The 
precipitate  contains  coagulaterj  proSeids  with  the  ferment  adhering  to 
them.  The  ferment  may  l>e  dissolved  out  by  water.  The  blood  in 
circulation  does  not  contain  the  ferment,  but  it  Ls  formed  by  some  change 
after  the  blood  is  drawn  from  the  vessels;  probably  by  the  disiniegratioii 
of  the  white  corj>usdes  and  the  third  corpuscles »  or  blcKxl- plates.  It 
seems  to  be  a  globulin- like  body.  There  are  other  globulins  which  hnve 
a  similar  action  in  the  formation  of  fibrin  to  that  of  this  ferment.  The 
myosin  of  muscle- juice  is  especially  to  be  mentioned  as  one  of  Ibera. 
This  is  sometimes  described  as  muscle -enzyme. 

Pectase  is  an  enzyme  a>ntained  m  tlie  cells  of  many  fruits,  and 
which  acts  upon  pefiin^  a  body  associated  with  cellulose  in  the  coin- 
position  of  the  cell-walls  of  these  fruits^  and  converts  it  into  a  gclatrnoyj 
substiince,  or  jelly. 

Fat-splitting  Ferments.-^Lipase  (pialin,  steapsin)  is  an  en^^me 
which  is  found  in  the  pancreas,  which  has  the  power  of  saponifymg  lli^ 
fats  in  the  presence  of  an  alkali  or  splitting  them  into  glycerol  and  fatty 
acids.  This  ferment  i\\m  occurs  in  the  l>lf>c>d-serum  and  the  liver  of 
certain  invertebrates.  The  action  of  pancreatic  and  stomach  lipase  il 
increased  by  the  presence  of  bile.  Free  hydrochloric  acid  retards  ils 
action.  Its  optimum  temperature  is  about  55°  C,  and  it  is  arresled  at 
72°  C.  Some  seeds  contain  lipase;  also  some  fruits  of  which  oil  is  a  tun- 
stituent.  It  is  here  provided  for  the  purp<:iae  of  rendering  the  fat  assiiii- 
ilable,  as  is  that  of  ihe  pancreas  in  the  animal.  Lipase  has  also  l>eeii 
found  in  the  liver,  kidney,  certain  moulds  (penicillium  and  aspergiliusj, 
and  in  ihe  cholera  bacillus. 

Oxidases, — The  enzymes  af»ove  nientioned  all  act  hy  causing  the  ahsorpto 
of  water  or  by  prpdudng  a  hydrolysis  of  the  subsuincc  acted  upon.    There  ain 
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and  a  trace  of  succinic  add  and  gtrcmn.    Tfaeiponsof  fcui 
to  t>e  found  either  in  the  air  or  upon  the  smfeicr  <if  frail,  wlwoce  A^ 
their  way  into  the  soJutbns  made  from  tbeb-  joioes^  wliicii  ^*pi^Tiife 


540 


MEDICAL  CHEMISTRY. 


apparent  spontaneous  fermentalion.  Invertas€  accompanies  iht 
of  yeast.  It  has  the  power  of  inverting  cane-sugar.  (See  p.  ^^2 
The  yeast'CcU  acts  upon  the  sugar  by  means  o?  a  soluble  en5:>7nc 
elaborated  by  It^  protoplasm,  called  zymase.  Not  only  this,  but  dias- 
tase, glucase,  invertase,  and  trypsin  have  been  found  in  yeas^tt 
Zymase  has  been  prepared  from  ripe  cherries  and  other  fnaitsj  from  peas, 
barley,  etc. 

In  fruits  alcohol  is  thus  formed  without  the  access  of  the  air  or  yeast 
The  secretion  of  zymase,  by  yeast,  attends  the  ordinary'  nutritive  processes 
of  the  protoplasm  and  is  most  abundant  when  it  is  growing  most  rapidly. 
Lactose  is  not  affected  by  it.  Zymase  may  be  extracted  from  yeast  by 
grinding  it  in  a  mortar  with  an  equal  amount  of  sand,  adding  water,  and 
filtering  through  a  clay  filter.  It  is  necessary  to  crush  the  cells  of  the 
yeast  to  extract  the  enzyme- 

Kephir  and  koumiss  are  special  ferments  used  in  Europe  and  the 
Caucasus  in  the  preparation  of  an  alcoholic  beverage  l>y  fermentiiig 
milk.  They  consist  of  a  mixture  of  yeast  and  bacterui,  which  pmduc€ 
alcohol,  lactic  acid,  coagulation  and  partial  peptonization  of  the 
proteins. 

Saccharomyces  albicans  (Oidlum  albicans)  is  the  ferment 
which  is  found  growing  upon  the  mucous  membrane  of  the  mouiJi  of 
infants,  producing  tlie  disease  know^n  as  '* thrush"  or  **spmeJ'  The 
fungus  appears  as  white  patches  upon  the  tongue  and  other  parts  of 
the  raouth.  The  cells  are  globular,  oval,  or  cylindrical,  and  occur  in 
colonies  or  rows*     It  excites  alcoholic  fementation. 

There  are  a  number  of  instances  of  fermentations  that,  50  faras 
we  know,  are  produced  by  specific  organisms  w^ithout  the  secretJon  of 
an  enzyme.  These  may  be  regarded  as  changes  brought  about  by  lli£ 
protoplasm  of  the  organisms,  A  brief  mention  may  be  made  of  a  fe** 
of  these,  which  produce  acids; 

Acetic  acid  ferment  (Mycoderma  aceti)  occurs  usually  in  the 
form  of  chains  of  very  small,  globular  bodie^i,  formed  by  the  mullipli- 
Gition  of  the  cells  by  di\4sions,  at  right  angles  to  the  line  of  gro*lb- 
It  belongs  to  the  bacteria  family.  It  grows  in  alcoholic  solution.^  con- 
taining a  small  amount  of  albuminous  matter  or  ammoniaail  salu,  sind 
alkaline  and  earthy  phosphates.  A  little  acetic  acid  favors  its  growth, 
as  w^ell  as  a  free  supply  of  air.  It  acts  by  causing  an  oxidation  of  the 
alcohol  to  acetic  acid ;  when  this  change  is  complete,  the  fermcDt  db 
for  want  of  nourishment. 

Lactic  and  btityric  fermentations  go  hand  in  hand,  the  formertisu- 
ally,  if  not  always,  preceding  the  latter.  Lactic  fermentation  arises  froni 
the  growth  of  many  species  of  micro-organisms,  including  the  pusor^sKan- 
isms.  They  are  sponilating  organisms  raostly,and  require  oxygen  for  their 
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■  develop  men  t.     They  thrive  l>est  in  a  neutral  mefjium,  and  grow  best  with 

■  oitygen,  :it  a  tern jiera lure  of  35"^  C.  to  40^  C\  (95^^  F,  to  104^  F.).  The^ie 
conditions  exist  in  the  intestines^  and  Ihcy  are  always  found  there.  The 
suJj&lances  most  prone  lo  these  fermentations  are  sugars^  organic  acids, 
soluble  proteids^  and  esj>e€ially  mucus.  When  no  base  is  present  to 
aimbtne  with  the  acid  produced,  this  acid  soon  checks  the  growth  of  the 
Offg&silsiEis,  WTien  lime  or  other  ba>ie  is  present,  the  fermentation 
proceeds.  Butyric  fermentation  usually  follows  the  lactic,  and  con- 
verts this  add  into  butyric  acid,  liberating  CO^  and  free  hydrogen.    It 

^^      acts  best  in  an  alkaline  Buid.     These  organisms  are  usually  found  in  the 

B      mte^i^ttnnl  contend.     These  gases  distend  the  bowel  and  often  produce 

^^  colic.     Any  excessive  production  of  mucus  in  the  bowel  greatly  favors 

^P^ifhc^'  fermentations.     Butyric  fermentation   is  chiefly  caused  by  tJie 

BaciUiis   amylobacter  {Vibrio    butyUcus),  although    many   other 

inicrT>tK^  are  capable  of  inducing  this  fermentation^  as  the  Bacillus 

Ini^ricus,  which  can  ferment  glycerin.     This  bacillus  secretes   in- 

rertase.     Butyric  acid  may  be  produced  from  starch  and  sugar  as  wcU 

MM  from  Uctic  acid.     Other  ferments  of  this  class  are  certain  ones  which 

^m      produce  propionic  acid,  citric  acid,  oxalic  acid,  and  valeric  acid. 

■  DriA-fennent-— UTien  urine  is  exposefl  to  the  air,  its  acidity  at  first 
^      increase,  and  then  diminishes  rajiidly,  and  gives  way  to  an  alkaline 

rnctioa.     The  solution  is  then  found  to  contain  ammonium  carbonate, 

IformcH  from  the  ureji.  This  is  due  to  a  hydrolytic  change  resulting 
irofii  ihe  gniwth  of  certain  micro-organisms,  of  which  the  best  known 
b  the  HicrococctlS  Itrese.  This  organism  is  comfMised  of  globular  cells 
united  into  itmg,  curvc-d  chains  tloating  in  the  urine  as  long  as  fermen* 
taiioci  proceeds,  WTicn  lliis  is  over  ihey  fall  to  the  bottom,  and  the 
duim  break  up  into  free  globules  or  short  chains.  They  secrete  an 
eiuyinc,  urease  ^  to  which  their  activity  is  due. 

Reimt  investigations  show  that  these  organlHms  are  not  the  only  ones 
that  bring  about  this  change,  but  that  there  are  many  others.  It  is 
«|uite  certain  that  the  mucus  secreteil  in  catarrh  of  the  bladder  can 
produce  the  change,  as  it  takes  j>l,ice  in  the  presence  of  chloroform  and 
61  iiodium  Ifluoritie.  If  a  urine  which  is  full  of  ureii  fexment  lje  filtered 
thmugh  a  filter  that  allcms  no  organisms  to  pass,  the  change  is  stopped. 
If  it  he  treated  with  alcohol  before  filtering,  the  filtrate  has  the  |K*wer 
of  prtxludng  the  change.  It  thus  seems  that  the  alcohol  extnicts  an 
cn^yine  from  the  organisms^  while  water  does  not.  The  must  jirolific 
scyurrr  of  thjN  en):ymc  is  t!a-  miKus  of  cystitis. 

Pit tref active  fermentatiOQ  Is  caused  by  the  growth  of  various 
farim  tif  Iwttrrb.  The  prote3n>  are  most  linble  lo  putrid  fermenta- 
tioii*  This  fermentation  tikes  jilace  in  all  organic  infusions  inntuining 
pruteid  mattery  when  cxfKised  to  the  air;  tt  also  occurs  in  the  snuiU 
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'  intestine^  ie  cases  of  constipation,  or  in  some  forms  of  indigeslion^  and  to 

a  slight  extent  in  the  normal  conditions.  The  putrefactive  ferments 
are  classified  into  aerobic  {those  requiring  ox}*gen)  and  anaerobic. 
The  first  give  a  little  gas,  little  or  no  ammonia,  and  a  putrid  odon  The 
second  class  decompose  the  proteid  miUters,  prodncmg  at  first  hydrogen, 
and  a  little  carbonic,  acetic,  lactic,  and  butvTic  acids.  Then  the  nmtter 
becomes  strongly  alkaline  from  the  production  of  ammonia,  with  escape 
of  nitrogen,  ammonia,  hydric  suljjhide^  and  complex  phosphorous  com- 
pounds. At  the  end  of  some  days  the  mass  gives  off  almost  pure  COj 
and  NH3,  and  there  goes  into  solntion  a  series  of  amins  and  amids, 
among  which  are  Icucin,  tyn^sin,  and  amidosteiiric,  caproic,  butyric,  and 
palmitic  acids.  The  two  last  predominate.  At  the  same  time  phenol, 
skatol,  indoi,  p}Trhol,  and  phenyl-acetic,  phenyl-propionic,  oKyxihenyl- 
propionic,  skalol-carbonic,  and  skatol-acetic  acids  malte  their  appear- 
ance. Finally,  more  or  less  poisonous  toxalbumins,  peptone,  and 
ptomaines  appear.  These  products  do  not  all  appear  in  all  cases,  but 
are  modified  by  the  substance  acted  upon,  and  by  other  conditions. 

Nitrifymg  Bacteria. — These  bacteria  are  found  in  all  st>ils  con- 
taining organic  matter,  and  found  especially  abundant  about  the  motlds 
of  pknls.  The  bacteria  found  in  the  nodules  on  the  roots  of  the  legii- 
mi  nous  plants  have  the  [>o\ver  to  fix  atmospheric  nitrogen  and  conven  h 
into  plant-fomi.  Pure  cuhyre>  of  this  organism  have  proved  vaiuuble 
as  a  fertilizer  when  sown  on  the  soil  of  over- cultivated  fields,  increasing 
the  yidd  of  crops.  They  are  also  found  in  surface-waters.  Their  func- 
tion is  to  convert  proteids  first  into  amido-compounds  and  amins,  then 
into  ammonbi,  and  finally  Into  nitrous  and  nitric  acids.  They  therefore 
act  as  oxidizing  agents,  similar  to  the  acetic  ferment.  It  is  by  this  agenn' 
that  polluted  waters  dispose  of  their  nitrogenous  organic  matter,  and 
purify  themselves. 

\VTien  a  water  has  thus  purified  itself,  the  nitrogen  will  be  foun^  in 
the  form  of  nitrates  or  nitrites  of  the  metals.     (See  p.  131,} 

It  is  by  the  aid  of  these  organisms  that  plants  are  able  to  feed  upn 
nitrogenous  matters  in  the  soil,  fix  the  free  nitrogen  of  the  air,  and  mate 
plant -food  of  it. 

AlflMAL  NXTTRITIOH. 
As  already  stated,  animals  derive  tlieir  nourishment  from  the  ve^ 
table  kingdom,  either  directly,  or  they  live  upon  animals  who,  in  turn 
live  u]»on  a  vegetable  diet,  F(x>ds  are  substances  which  are  requirni 
for  the  nutriti<m  of  the  tissue-cells*  It  has  been  calailated  that  the 
average  adult  man  loses  about  1000  gm.  of  solid  matter  daily  in  the  ci* 
pked  air,  sweat,  urine,  feces,  and  other  excretions.  Food  is  necessaiy 
to  replace  this  waste,  if  the  body- weight  is  to  remain  constant.    Food 
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may  be  defined  as  anything  which  is  capable  of  repairing  waste  of  tissue, 
or  of  furnishing  material  from  which  the  organism  can  produce  heat  o^H 
nervous  energ)^  and  muscular  work.  The  process  of  appropriating  foo^H 
to  the  use  of  an  organism  is  calle^l  ntitrition.  ^ 

Nutrition  takes  pbcu  in  five  difft^rt^nt  phases — xiz,,  digestion^  absorp- 
tion, assimilalion,  destructive  metabolism,  and  elimination  of  waste, 
or  excretion.  Digestion  k  the  process  of  converting  food  into  dialy3:able 
compounds.  Digestion  is  followed  by  absorption ;  that  is,  the  passage  of 
the  products  of  digestion  through  the  walls  of  the  alimentary*  canal  into  the 
blood  and  lymph,  carrying  the  absorbed  material  to  the  tissues.  The  lii- 
sues  take  up  the  digested  and  absorbed  material  for  the  nutrition  of  their 
cells.  This  is  called  assimilation.  In  some  cases  assimibtion  is  delayed  ] 
by  the  storing  up  of  materials  for  future  use,  such  as  the  storing  of  glytogeti 
in  the  liver  and  of  fat  in  the  connective  tissue.  Destructive  metabo- 
lism is  the  process  continually  going  on  in  the  tissues,  by  which  tJii 
are  disintegrated  during  the  physiological  activity  of  the  cells.  TI 
oxygen  is  supplied  by  respiration,  and  the  energy  of  this  oxidation  is  used 
up  in  the  physiological  activity  of  the  tissues  and  the  production  of  he 
By  this  process  stored  energ)^  is  converted  into  muscular  or  ner\T  eneri 
It  consists  at  first  in  a  cleavage  of  the  a^mplcx  protoplasmic  moleculi 
into  simpler  molecules.  These  cleavage  pr(Kiucls  are  generally  soluhl 
and  diffusible;  they  are  passed  to  the  periphery^  of  the  cells,  anil 
here  the  process  of  oxidation  begins.  It  is  yet  a  disputeti  poi 
whether  any  portion  of  the  food  is  oxidised  without  first  being  assii 
lateti.  Elimination  consists  in  the  discharge  from  the  sv-stem  of 
products  of  the  destructive  metabolism.  These  waste  products  arc  acr 
longer  required  in  the  system,  as  their  energy  has  been  used  up. 
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Foods  are  mixtures  of  various  inorganic  and  organic  materiiiLs 
which  are  usually  termed  proximate  principles.    The  chief  proxi- 
mate principles  of  fix)d  are  the  same  as  the  chief  proximate  pnncipHj 
of  the  bocjy.     They  may  be  classified  as  folUnvs:  Water,  metallic  salll^f 
proteins,  gelatinoids,  fats,  carbohydrates,  and  a  few  other  less  impor-*! 
tant  organic  constituents.     These  proximate  principles  do  not  occur  i 
natural  foods  in  the  pure  state,  but  are  mbced  in  var}'ing  pfoportion 
It  is  necessary,  in  a  suitable  diet  for  man,  that  all  these  above- m en tiond 
proximate  principles  should  exist ;  and  hence,  we  find  them  mixed  for  n^ 
in  natural  foods.     In  milk  and  eggs,  for  example,  which  form  the  ex- 
clusive foodstuff^  for  young  animals,  we  find  all  the  proximate  priiiciplcs 
mixed  in  suitable  proportions;  hence,  they  are  frequently  spoken  of  ^j 
perfect  foods.    Eggs,  although  a  perfect  food  for  the  cfaick,  are  oof ' 
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quite  perfect  for  mammals,  as  they  contain  too  little  carbohydrate. 
In  vegetable  foods,  as  a  rule,  the  carlxjhydrales  predominate,  and  are, 
iherefurCp  necessarily  mixed  with  fat  and  nitrogenous  substances  in  the 
form  of  animal  food. 

Diet* — By  the  term  diet  we  mean  an  arranged  selection  of  foods  in- 
tended to  supply  the  needs  of  an  animah  A  healthy  and  suitable  diet 
must  possess  the  following  characteristics:  (i)  It  must  contain  the 
proper  amount  and  proportions  of  the  various  proximate  principles;  that 
is,  of  proteins,  fals^  carbohydrates,  salts,  and  water.  (2)  It  must  be 
adapted  to  the  age,  sex,  and  habits  of  the  individual,  and  to  the  climate. 
(3)  It  must  not  only  o^ntain  the  proper  proximate  principles,  but  they 
must  be  in  a  digestible  form,  (4)  The  object  of  focxl  being  to  nourish 
the  tissues  and  repair  the  loss  due  to  destructive  metabolism,  the  relation 
between  food,  exercise,  and  excretion  must  be  properly  regulated. 

In  the  coniidcration  of  diet,  it  is  usual  to  consider  chiefly  the  three  proximate 
prindples — carbohydrates,  proteids,  and  fats.  It  is  necessary  that  these  three 
ingredients  shoold  he  so  adjtisted,  that  neither  should  be  in  great  excess  over  and 
above  the  needs  of  the  body*  The  proportion  of  carbon  to  nitrogen  in  proteids  ia 
about  as  IS  to  35 p  or  3  to  7.  If  a  person  lives  entirely  on  proteid  food,  his  diet 
will  contain  too  much  nitrogen  and  too  little  carbon.  If  he  lives  entirely  upon 
carbobydiates,  he  would  not  get  suf^ient  nitrogen  to  nourish  the  tissues.  The 
iAis  aod  carbohydrates,  taken  together,  are  someiimcs  called  the  non -nitrogenous 
foods*  In  carbohydrates  the  H  and  O  eiist  in  the  proportion  to  form  water.  We 
may  regard  the  H,  therefore,  as  completely  burned,  in  these  substances,  and  not 
available  for  combustion  or  the  generation  of  energy,  the  carbon  alone  being  avail- 
able for  this  purpose.  Fats  contain  much  !css  O  in  proportion  to  their  carbon  and 
H  than  do  the  carbohydrates;  they,  therefore,  generate  more  heat  in  their  complete 
"ation  than  the  latter.     The  following  reactions  ^ill  serve  to  make  this  cltar: 


C,H,(C«H,0^,  +  77O,  -  57CO,  +  S2H,0. 

Tdoleio. 

It  is  found  that  animals  thrive  best  on  diets  which  supply  them  with 

fie  bulk  of  their  carbon  from  t>oth  fats  and  carbohydrates.     The  diet 

Iwhich  man  constructed  for  himself,  long  before  our  theories  explained 

Jwhy  he  did  so,  contained  meats,  carbohydrates,  and  fats.     Agiain,  the 

^  foods  which  nature  has  provided  for  jE^owing  antmals,  in  the  form  of 

milk  and  eg^,  contain  fat,  carbohydrates^  and  proteins*     From  this  it 

would  fse  inferred  that  all  three  of  these  constituents  are  essential  to 

the  profier  nourishment  and  growth  of  animals. 

Tbe  Relative  Value  of  Foods* — Four  tests  are  in  use  for  the  deter- 
mination  of  liie  relative  value  of  f(«xis: 

I.  The  physical  test,  or  the  heat  value,  or  the  amount  of  potential 
,  energy  it  i*  ill  furnish. 

3,  The  cbemlcal  test^  or  the  determination  of  the  amount  of  nutritive 
3<^ 
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proximate  principles  il  contains.     This  is  obtained  by  chemical  anah^b, 
and  h  generally  stated  in  percentages. 

3,  The  phjsioiogical  test^  or  the  digestibility  of  the  food,  or  the 
ease  and  completeness  of  its  digestion  and  absorption* 

4.  The  economic  test,  or  the  relative  cost  of  the  nutritive  constttu* 
ents.  This  subject  is  not  treated  herCj  as  it  is  an  economic  rather  than 
a  chemical  question* 

The  Thermotic  Value^  or  Dynamic  Energy,  of  Foods.— The 
production  of  heat,  or  dynamic  energ\\  is  one  of  the  important  offices  of 
all  food*  The  final  result  of  the  chemical  changes  going  on  in  the  body, 
sometimes  termed  metabolism,  is  chiefly  an  oxidation  process.  The 
oxidation  of  organic  matter  always  de%elops  more  or  less  heat  energy. 
Heat  and  muscular  power  are  convertible  in  the  body,  and  articles  that 
produce  heat  produce  also  muscular  energ>^  The  consideration  of  the 
dynamic  energy  of  foods  is  based  upon  the  following  principles  of 
thermochemistry : 

1.  The  quantity  of  heat  evolved  in  any  reaction  may  be  taken  as  1 
measure  of  the  chemical  and  physical  work  accomplished* 

2.  When  a  series  of  reactions  take  place  in  a  number  of  bodies,  the 
amount  of  heat  absorbed  or  evolved  will  depend  solely  upon  the  initiai 
and  final  state  of  the  bodies  concerned  in  the  reactions,  without  reganl 
to  the  intermediate  changes  or  conditions  through  whicli  tht-y  pass- 

3.  In  any  chemical  reaction  between  a  series  of  bodies  not  acted  upon 
by  external  forces,  the  tendency  is  toward  that  condition  which  will  result 
in  the  production  of  the  greatest  amount  of  heat. 

In  the  application  of  these  principles  to  the  action  of  food  b  ihe 
animal  body^  two  factors  are  to  be  determined : 

1.  The  heat  evolved  by  the  various  food-raatertals  when  burned 
outside  of  the  body. 

2.  The  heat  evolved  by  these  same  foods  when  burned  in  the  body. 
The  first  is  determined  by  burning  a  known  weight  of  the  fixxl  in  a 

calorimeter.  The  second  is  determined  by  feeding  experiments  with 
man  or  one  of  the  lower  animals,  so  conducted  as  to  measure  the  food 
and  air  given,  the  amoimt  stored  in  the  body,  all  the  waste  material 
excreted^  the  heat  evolved,  and  the  muscular  and  nervous  cncr|y  ex- 
pended* 

This  is  done  by  putting  the  nmn  or  animal  under  experiment  in  a 
larger  calorimeter,  usually  called  a  respiration  calorimeter* 

As  heat  and  mccKnmcal  work  are  mutually  convertible,  energy  is  usuaily  ttck* 
oned  either  in  terms  of  work  done  or  as  its  equivalents  in  heat  units.  The  utliifll 
work  IB  the  foot-pound  or  fool -ton  in  English  measuret  or  the  gnkiti -meter  or  kil<> 
gram-meter  in  the  mctrit  system.  The  heat  unit^  or  calorie^  is  the  amount  of  bnl 
necessary  to  raise  the  temperature  of  t  kilogram  of  water  from  zero  lo  t**  C,  iJi 
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[  meisuns  a  tlicmial  unit  is  the  amouat  of  beat  OBCtssAty  to  i^Mse  i  poujxl 
Iter  from  iero  to  i*  C* 


A  ttiernial  unit 

A  calorie 

A  ihcrTRal  unit 

Acaiode 

Acalodc 


0^5  calorie- 
7. J  ttcTtiml  utiits* 
=*  1390     foot-pounds,  or  0.695  foot-ton. 
=    425.5  kilogram -meters,  or  435^500  gnun-metera, 
=  3077,6  foot -pounds, 
1  KilograJii -meter  ^  J-ajJ  focrt-pounds» 
I  Foot-pound         —  0.158  Idlogjannnetcr- 


heal  of  combustion  is  the  samo*  whether  the  food  be  burnt  in  the  air  co'  in 
b^y*  The  appa.ratiis  which  is  employed  for  determining  the  heat  of 
of  bodies  f^Fig.  64)  consists  of  a  vessel  surrounded  bv  a  known  weight 

rj.Mld  In  which  the  substance  k  burned  with  o^tygen-    The  heat  is  com- 


A  thermal  unit  is  sometimes  taken  as  the  heat  netessar}'  to  raise  i  pound  of 
n**  F-  A  smaller  cabde  is  also  aomctimes  used,  which  is  the  heat  requin^  to 
I  gin«  of  water  i^  C. 
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munitatcd  tti  ihc  surrounding  water,  and  the  rise  of  temperature  of  the  waier  h 
carefully  measurt'd  with  a  thermometer.     It  is  called  a  ckloiimeter.     The  sub- 
stance to  be  burticrl  is  placed  in  the  combustion -chamber,  K.     This  chamber  h 
suspcndcfl  in  the  larger  vt'ssel,  L,  fUkcl  with  water,  which  completely  surrounds  the 
combustion  chamber.     The  vessel  containing  the  water  is  surrouiided  by  a  lam 
of  non -conducting  material,  M,  and  then  put  inside  of  a  larger  vessel  contalniRg 
water.     The  combusilon  chamber  has  three  tubes  pai^mg  into  it;  O  supplies  air  to 
support  the  combustion;  a  is  an  ob^er^atlun  tube;  d  is  i^cd  to  condiid  ga9e$  whai 
these  are  to  be  burned,  and  g  leads  out  the  gases  prcxluced  by  the  combustion,  audit 
made  to  traverse  the  water  through  a  long  distanrej  so  as  to  cool  the  gases  ibflr- 
OUghly.     A  weighed  quantity  of  the  substance  can  be  burneil  in  Ihc  calorimeter,  aad    | 
the  heat  produced  is  estimatcii  by  noting,  by  a  delicate  ihexmometrr,  the  number  of 
degrees  in  temperature  the  known  weight  r  tf  watt  f  in  the  InBtrumenl  is  raii*d. 

The  degreci^  of  rise  in  tempt^raturc  of  the  waltTi  multiplied  by  the  weight  of  I bf 
water  in  kilogran^,  gives  the  number  of  calories  produced  in  the  burning  of  (Jut 
amount  of  the  food  taken  for  the  experiment. 

In  the  calorimeters  now  generally  used  the  substance  is  burned  in  i  sti«l 
vessel,  known  as  a  bomb^  into  which  ox^'gcn  is  pnev-iously  pumped  under  a  very  Wgh 
pressure.  The  combustible  is  then  ignited  by  an  electric  spark.  The  gus  pro- 
duced  by  the  combustion  are  retained  in  the  bomb>  and  no  heal  is  kst  with  mm 
escape.  The  results  obtained  with  the  bomb  calorimeter  are  mor^  atcuralc  lhi9 
those  obtained  with  the  open  form. 

The  following  proximate  principleSj  when  burned,  giv€  the  follow- 
ing amounts  of  heat  and  work: 

Fer  Grami.  P^  Ounce* 

Protein, ..4,3  116.26  6,4  17^7 

Fat, ---.9.3  265.70  14.2  3957 

Carbohydrate,*,.*  ,_**  .4,1  116-35  ^-^  '74^ 

Dr,  Rubner  obtained,  by  comparative  feeding  cxperimciits  upon 
animalsj  and  with  the  calorimeter,  the  following  figures.  Taking  liw 
thermotic  value  of  fat  at  100,  he  found  that  to  give  the  same  amcNlDt 
of  heat  it  required  of^ 

Myosin, ..,,_.,.. , . » ,  ,225  parts.  ^13  part^ 

Leau  meat,* **.»*_* --243      "  ^SS     ** 

Starch - 335      "  359     ** 

Cane-sugar^ -.,--, ,  -  234      *'  *35      ** 

Grape  ^ugar,..-.. --256     •*  x^$     " 

That  i^  I  gm,  of  fat  gives  the  same  amount  of  heat  as  3-25  gm.  of 
myosin,  or  as  2.56  gm,  of  grape-sugar*  From  these  or  similar  cjperi* 
ments,  it  is  possible  to  obtain  a  definite  estimaiion  of  the  potential  ent^ 
produced  by  foods.  It  has  been  found  that  the  heat  vkiu^  of  protddi^ 
when  burned  in  the  body*  is  nearly  equal  to  that  of  carbohy^drates^  tod 
is  a  little  less  than  one-half  the  value  of  fat  as  a  heat-producii^  sg^ 
It  must  be  remembered,  how^ever,  that  there  b  this  difference:  leaaflKi^ 
has  for  oneof  its  chief  offices  the  building-up  of  tissue  and  repaMug  vi^ 
We  do  not  obtain  all  the  possible  heat  and  muscular  power  from  il,asit 
do  from  the  carbohydrates  and  fats,  because  about  one-third  of  itsheaUOf 
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power  remains  in  the  urea  which  is  formed  from  it.  By  accurate  ex- 
periments in  feeding  the  human  body,  it  has  been  found  that  the  proteids, 
fats,  and  carbohydrates  replace  one  another  in  almost  the  exact  propor- 
tion of  their  heats  of  combustion,  when  the  person  experimented  with  is 
in  a  state  of  idleness.  The  following  table,  arranged  by  Frankland, 
gives  the  force  produced  by  i  gm.  of  the  common  articles  of  food: 


Food. 


Cod-livcr  oil, . . . 

Beef-fat, 

Butter, 

Cheshire  cheese,. 

Oatmeal, 

Fkmr, 

Pea -meal, 

Arrowroot, 

Ground  rice, 

Yolk  of  egg, 

Cane-sugar, 

Hard-bcSled  egg, 
Bread  crumb,... 

Mackerel 

Lean  beef, 

Poutoes, 

^liiting, 

\Muteof  egg, 

Milk, 

Apples. 

Cabbage, 


FoRCE-PRODuaNO  Value. 


In  Kilogram  meters. 

In 

Calories. 

When  Burnt 

When  Burnt 

in  the  Body. 

9.107 

3857 

3857 

9.069 

3841 

3841 

7.264 

3077 

3077 

4.647 

1969 

1846 

4.004 

1696 

1665 

3'93(^ 

1669 

1627 

393(> 

1667 

1598 

3-912 

1657 

1657 

3.813 

1615 

1591 

3-423 

1449 

1400 

3348 

1418 

1418 

2-3^3 

1009 

966 

2.231 

945 

910 

1.789 

758 

683 

1-567 

664 

604 

1.013 

429 

422 

0.904 

383 

325 

0.671 

284 

244 

0.662 

280 

266 

0.660 

280 

273 

0.434 

184 

178 

The  following  table  gives  the  calorific  value  of  100  gm.  and  of  i  oz. 
ivoirdupois,  and  will  be  found  useful  in  calculating  dietaries: 

Calorific  Value  of  100  Gsi.  a.vd  i  Oz.  of  Some  Standard  Foods  (Jiirgcn.scn). 

Caloriks. 
Ptr  100  (im.  Per  Ox- 
Whole  milk, 67.5  19.3 

Skim-RiiJk, 3<)<'>i  ii-3 

Cream, 214.7  61.34 

Buttermilk, 4i.5<^  ii-8 

One  egg 80.0  22.9 

Buttered  cgs, 187.6  53.6 

Wheat-bread, 281 .0  80.0 

Wheat-bread  (toasted), 258.8  74.0 


550  MF-DICAL   CHEMISTRY. 

CAi^otujic  Value  of  loo  Gm,  anu  i  Oje,  or  Some  Standard  Foods 

(J  iirgense  n  )*  —Conlin  ued. 

Per  iQo  Gm-  pier  Oa. 

Zwieback  (wheat), -557-^  ioo»2 

English  biscoit - . , -  ,419.9  1  ig,Q 

CakcSf  *..,,,,. --.  —  *.- 574"0  1 07,0 

Butter,  *...., .,,.., 8  J  4,0  jjivo 

Beef  (rawK .11^95  ^^s 

Beef  (broiled), . * - » , , 3i^-tt  6t.  1 

Beef  (boiled)»..<.-. ...^o^.o  60.0 

Veal^cutlcts  (raw),_  _ , , .  143*45  40.7 

Vcal-cut  lets  ( broiled),  ,,,,,,,,-..--..* ,  ^30.5  65,9 

Chicken 'breast  (raw), ---,.,...*,,..,.  J064  30,4 

Pigeon  (raw),- .  - , , 99.7  aS-i* 

Calf -brain's  (raw),.  .*.. , 140,0  40.0 

Carp  (raw),. . ...... qj.o  36*57 

Flounder,.. 100.6  28.74 

Salmon, ,.,-_....  .133.J  35,11 

Sole,... . , ...,,.  95*2  ^7*2 

Truut,  -  -,,.., -......*.....  ^  * 106.4  304 

Potaia-bread  (with  butter),. , .......... 127.4  36.4 

Spinach, .-...., _  . .  .165.65  47.33 

Cturob,.. .... 41,0  tt7 

Bean-soup,. . ..... 193.0  55.14 

Green  peas...... ,.....,.318.0  63.3 

Asparagus, , ^.. jS.5  5.5 

Oatmenl 288,5  824 

Macaroni, , ,..,,.,*..  35  ?. 6  1007 

Omelet, 136.7  67.62 

Calculation  of  the  Calorific  Value  of  a  Food  from  its  Cbanical 
Analysis.  —The  calorific  value  of  any  ffxxl  may  l>e  calculated  frnm  iu 
proximate  composition  by  multiplying  ihc  percentage  of  pmteW,  H 
and  carbohydrate  by  the  amount  of  heat  developed]  from  i  gm.  or  i  cii.o( 
each,  and  adding  together  the^e  products.  As  percentage  represeols 
parts  in  loo,  the  above  calculation  will  give  the  heat  to  be  obtained  Irom 
100  gm.  or  100  oz.j  according  as  the  factor  for  i  gm.  or  r  02.  is  used  in 
the  calculation. 

For  example,  to  calculate  the  thcrmotic  or  calorific  value  of  too  gm.  of  brti4 
contaming  55  per  cent,  of  carbohydrate^  1  per  cent,  of  fat,  and  S.S  per  ccai.  <rf 
proteid,  we  may  proceed  as  follows:  The  55  gm.  of  carbfihvdrate  will  givt^  55  )( 
4.t  =  225.5  calorifs.  The  S.8  gm.  of  proteid  will  fumiih  S.8  X  4^2  -  5O.9* 
calorics.  The  i  gin.  of  fat  will  furnish  1  X  9.3  -  9.3  calories.  The  totJiI  bett 
furnishtHi  by  100  gm.  of  bread  is,  ihcrcfore,  271.76  talorit^s. 

Diet  Tables. ^The  proper  construction  of  the  diet  for  man  bs 
been  made  the  subject  of  a  great  deal  of  investigation,  and  h  a  matter 
of  considerable  importance.  The  attempt  has  been  made  in  various 
ways  to  determine  the  necessary  daily  diet  of  a  man  under  different 
conditions.  The  following  table  shows  the  estimates  of  the  ten  obfen-m 
whose  names  appear  at  the  top  of  the  table: 


Tt:^ 


.■-TT»--!l£31W .- 


S^ 
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It  wfll  be  seen  that  there  are  considerable  differences  in  the  estimates 
of  different  authors.  Less  variation  is  observed  in  the  amount  of  pro- 
teins than  in  the  fats  and  carbohydrates.  The  results  are  given  in  grams 
and  in  avoirdupois  ounces.  The  last  column  gives  the  average  of  the 
ten  authors  quoted. 

The  following  table  gives  the  amount  of  a  number  of  the  common 
foods  which  will  contain  the  average  daily  needs  of  the  human  body, 
according  to  Moleschott^s  estimates: 

Weight  of  Food  which  Coktaehs 
Food.  xao  gm.  of  protdd.  420  gm.  of  non-proidd 

(90  of  fat,  330  of  carbohydma). 
Cheese, 350  8^-  i530gm. 


Lentils, 453 

Peas, 537 

Beef, 566 

Hens' eggs, 893 

Wheat-bread, 1332 

Maize, 1515 

Potatoes, 6000 


693 
704 

1945 
776 

543 

643 

1751 


The  following  table  gives  the  results  arrived  at  by  different  investi- 
gators, as  to  the  necessary  daily  amounts  of  the  three  proximate  prin- 
ciples demanded  by  adults  in  different  conditions,  with  the  calorics 
generated  by  these  quantities.  To  convert  this  last  column  into  the 
equivalent  in  work  it  is  only  necessary  to  multiply  the  number  of  calories 
by  3077  to  reduce  it  to  foot-pounds,  or  by  1.539  ^^  g^^  foot-tons.  The 
weights  of  the  nutrients  are  given  in  grams: 


European  Dietaries. 


Soldier  in  peace, 

"      in  light  service, 

"     in  the  field, 

Laborer, 

"       in  idleness, 

Carpenter  (40  years), 

Young  physician, 

it  '        n 

Laborer,  servant, 

English  smith, 

"       prize-fighter, 

Wood-chopper  (Bavarian),. 

Laborer  (Silcsian), 

Seamstress  (London), 

Soldier  in  peace, 

"      in  war, 

Average  population  (Paris), 


Pro- 
teins. 


119 

"7 
146 

130 
137 
131 
127 

134 

176 
288 

135 
80 


Fat. 


Carbo- 
hyd'te. 


40 

35 

44 

40 

72 

68 

89 
102 

95 

71 

88 
208  , 

16 


I 


54  I  29 

130  40 

146  I  59 

115  I  48 


529 
447 
504 
550 
352 
494 
362 
292 
422 
666 

93 
876 

552 
292 

551 
557 


Calor- 
ies. 


2784 
2424 
2852 
2903 
2458 

2835 
2602 
2476 
2902 
3780 
2189 

5589 
2518 
1688 
2900 

3250 
2219 


Author. 


Playfair. 
Hildcsheim. 

Moleschott. 
Pettenkofer  and  Voit 
Forster. 


Playfair. 

Liebig. 
Meinert. 
Playfair. 
Hammersten. 

Gauticr. 
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I 


Pko- 

Carbo-i 

Calor* 

i^ns^ 

Fat. 

kyd'tk^ 

JXd. 

Autaon. 

Fiymifv  of  carDentcr^. . , , -  *  - 

0.28 

0.76 
1.06 

Atwatcf* 

'•    gUss'blowem,  .....,<. 

0.29 

i< 

Openttves  JQ  cotton-mUk, 

WcU-pftid  nuchinlsts, 

0.39 

044 
0.44 

1.21 

0.84 

4.650 
3-49<» 

li 

Av>crkgF  of  ic  dietaries  of  wage- 

ettroeis  (Mass,  sud  Conn.), . . . 

O.J4 

0.50 

i-^a 

S^^7S 

K 

Avcnpie  of  5  dietaries  of  college 

(Middletoim,  Conn.),  „.<-... 

0.37 

0-J4 

I.0S 

3^9^5 

H 

BHckmakers,  at  hiird  work, 

0.40 

0.81 

5-54 

8.850 

tl 

Standud  dieiarv  in  Mass.  and 

Coon,  with  moderate  work,.  > . 

0.3S 

c>.aS 

0.99 

J-S^ 

4< 

Slaii^id    lor    h^rd    muscukr 

watk^ 

^•39 

o^SS 

1-43 

5*700 

« 

Taking  the  figures  in  the  last  column,  rejecting  those  which  are 
exceptionaJIy  high  or  low,  we  find  that  the  average  European  dietaries 
^vc  about  2800  cxilories,  and  the  average  American  dietaries  give 
about  3500  calories.  The  amount  of  nutrients  required  for  children 
is  greater  in  pmportion  to  their  body- weight  than  for  adults.  The 
folbwing  table  gives  the  nutrients  needed  f<jr  children  at  various  ages: 


Aoi  or  Cbild^ 


I 


SisthdAjCsi^D...... 

End  of  second  week, 

Four  months  {hay}, . 

i|y«w»(iprf)»- 

^fmt%imti} .- 

4|cU9(bo7>,.. 

^J^TK -*- 

It*l^|t9f^ ,« 


WUOHt. 

PKirtms. 

Fat. 

KSkm. 

u». 

Gm, 

Oi. 

Cm. 

Dt 

Gm. 

Of. 

li 

$% 

7 

i 

0.2s 

11 

0^ 

iS 

0-53 

6 

13 

0.42 

ao 

0.67 

37 

I 

45 

10 

19 

0.66 

a^ 

t 

41 

141 

9 

30 

40 

14 

36 

i.a7 

do 

%^ 

ia.6 

a« 

f^ 

IS 

3^ 

M 

ifl9 

6.66 

'Z'^ 

VI  % 

6t 

t.iS 

435 

153 

I";!! 

67 

1$ 

39  <^ 

^3 

2.2 

45 

1.6 

198 

6^ 

* « 

.^«. 

60 

3.[ 

44 

^•5 

150 

il 

m  ^ 

.. 

7a 

'5 

% 

1.6 

ns 

•  * 

•  * 

79 

2.» 

i.| 

tyo 

9*5 

CaJciilatioa  of  Daily  Dietaries.— Fn^m  the  data  above  given 
it  b  an  easy  matter  to  arriioge  a  mixture  of  foods  to  give  the  nece^^^iry 
itaj]y  energy  demanded  by  persons  \x\  any  desired  amditton. 
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This  is  an  importajit  malter  to  the  physic bn,  as  he  is  frequently 

called  upon  to  arrange  dietaries  for  prisons^  asylums,  soldiers,  and  olhff 
collections  of  Individuals.  It  is  frequently  desirable  lo  prepare  a  dietaiy 
for  the  purpose  of  increasing  or  diminishing  flesh,  or  in  the  treatment  of 
certain  diathetic  diseases.  We  will  give  an  example  of  the  method  of 
calculating  a  diet  table  to  consist  of  beef,  bread,  butter,  oatmeal,  and 
potatoes,  and  lo  furnish  approximately  3500  calories  of  heat 


Beef  (weighed  mw),, , . ,  * - 14  oz, 

Wheai-brcad, , 20  " 

Butter,.,,,,, .,,-,-----..,,,.. 3  " 

Potatoes, .._,,..,. .,.-,„  10  " 

Oatmeal, *....-., -...._..^._.*-*.*-....^.  5  ** 

Total,-.-. .-. SO  " 


469  cakiriea* 

tSoo 

14 

^S 

» 

2J5 

^47 

3444 


We  may  reduce  any  one  of  these  articles  and  replace  it  by  anodier 
article.  Suppose  it  be  desired  to  reduce  the  meat  by  two  ounces  and 
replace  it  with  sugar.  The  twelve  ounces  of  beef  would  give  402  calorie. 
The  difference  (469  —  402  =  67  calories)  must  be  replaced  by  sugar 
giving  116.25  calories  per  ounce.  67  -^  116  =  0.58  ounce  of  sugar 
required  to  replace  two  ounces  of  raw  beef. 

It  should  be  noted  that  when  people  are  allowed  free  choice  in  lie 
selection  of  their  foods,  they  usually  adjust  them  so  as  to  obtain  ncarlj 
the  following  amounts  of  heat  from  the  three  proximate  principles: 

Of  100  calories  obtained  from  a  daily  ration: 


Nursing  infents  obtain  from 

Children,  two  lo  six  years^  from  - ,.  * . 
Well -fed  adults*  light  work,  from. . » . 

MlddJc*  class,  hard  work,  from. . 

Adults»  (xKjrly  fed,  from . ... 

Aged  people^  from _.* , ,,,,, 

Average, ..„,         16*3 


Calories. 

Fats. 

CaIjDIl1E£ 

CjUtBOHTtJlATlV 
CAljUiJES, 

16 
16.6 

43 

41 

IQ.2 
16,7 

29.  S 
16.3 

SI 

12.1 

lU 

70.9 
60.7 

26.6 


—{ntikieF.) 


It  IS  probable,  therefore,  that  these  proportions  are  best  suited  to 
the  average  needs  of  the  body. 

Infants  fed  at  the  breast  use  from  I  wo  to  two  and  a  half  times  as 
much  proteid,  about  five  times  as  much  fat,  and  about  the  same  amount 
of  carbohydrate,  per  pound  of  body-weight,  as  adults. 

Infants  fed  with  breiLst-milk  take  less  milk  than  those  fed  with  coW 


jiilk,  owing  to  the  more  compkle  digesdiiiB^  «i  the  imma^  A  iMd 
at  the  breast,  during  the  siactk  raondi,  tmkes  horn  jjo  to  S35  ex.  (1:5.5 

to  28  oz.)  of  milk,  and  when  fed  upon  csm^wiAhim  ijoo  ti  t»D  cc. 
(36  to  40  oz.). 

The  following  is  a  dietary  dcrised  bf  An^ia  ^^m^waA  w^mfti^  ^ 

the  New  York  State  Commisaoo  m  Lnia^,  ;     ^        ^  ^      ^  ^     ^ 
hospitals: 

Da^y  Ratiok. 

Meat,  with  bone,  including  salhtd  in»i%  &«d  sad 

*ttd  poultry,., -_ _._,,.-,,M 

FkkUTj  lo  be  used  in  maJdqg  bread  aad  m.  oaek^  (v^f  ^ 

pan  be  substituted  by  coomical  *ad  sacanMlX' i^ 

Potatora,,,., ,,.,,. .- ._,,,..,^ IX     "  aiv 

Milk,„,,.,.. .-..-.-—,„„. ™jt     -  j^ 

Onccgg...... *,*_-_.__- M     •  At 

Sugar» ,..*, *,,.*,** »     *  jrj^ 

Butter,,.--,.... .., »-  J      "  ^» 

Cheese ..,.,  1*1^ 

Rice,  bomlny,  or  oatmeal......... *..*.. 1}   *  tjj 

Bcftn&  or  pea3(dried)t. ....*.-. *- s}   *  tf» 

Coffee  (in  the  berrv  and  roasaed),...- ,,,,     I   * 

Tca(black)... .,.:,...,..,. ,,..........„ .,„     |    - 

Appmxiniatelft .-,_^„ Jit     *  ^^ 

Uifrrep  States  ScxustE^'s  Ratwhl 

FiTsb  be^f  or  muttorir  .......*....................... ....>J0  4^ 

Or  pork  or  bacon,*  ,_*,..,.,. *..,,, ,..^»- .--.-  —  *.^,*»^^«.t^  " 

Or  salt  beef,-.. --.-.-....,. .-»  * 

Or  dried  6£hy - ,--.-- £4  "■ 

OrfTcshfidi,. ..,* , , , ft  * 

Floury..*...*........,..,..--* mm-m ^..^..... »*. iS  ^^ 

Or  5ofi  bread,-,.. - ,,,,*,* — iS  * 

Or  hard  bread,. ......^^^^..i^  * 

Or  conwne^l,... -..-,.**,- .___. *.*..so  * 

Beans, --.- -__..-. — *.„-,  j|  «c 

Or  peas,, --^-....-. - — — ,^^*»,.  »  * 

Or  nee,.--. * *.,^— -  If  " 

Or  hominy,.,......, ..- ...««^«.««**  ff 

Potatoes,.  -......- ...--.-..-,.... -_-«^***...*,,^i#  at 

Or  pot^toe^  i2f;  Dniofis,^!^ ^- --»^  ** 

Orpofaloes,  ii|;  canned  ionMtas»4l«*'--^-'-* - -•*  ^ 

Orotberfi^hvegetabks,.. .,-..—- .--»•  *■ 
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Coffee  (green).- . ,__._- -...,.., „ „.   i} 

Or  coffee  (MJasted)p * -...-,- « t  A 

Or  lea,,.. „.....- .„.„,. .,*     i*s 

Sugar, ..-. a!     " 

Or  molasses, ...,.„....^,._.- _.......-....,^.*,     Jl  gtU. 

Vinegar, ,„,-, .,----.--.. .., A  I^L 

Salt,.... - - .-     i!M- 

Pepper,. - h  " 

This  ration  is  varied  somewhat  for  soldiers  serving  in  the  tropics. 

The  fujval  riition  is  always  different  from  the  army  raiioftj  owing  to  the 
difficulty  of  always  securing  fresh  meats  and  vegetables.  Canned  and 
dried  fniits  and  vegetables  are  always  carried^  to  take  the  place  of  die 
fresh  foods. 

Weight  and  Volume  of  a  Dally  Ratioo,— In  constniclinga  dail/ 
ration  we  should  not  only  take  into  account  the  composition,  but  Jbc 
digestibility  and  the  weight  of  food  to  be  given  in  twenty-four  hours. 

The  total  weight  of  food  for  a  man  of  145  pounds,  doing  ordinan 
work,  should  be  between  fifty-five  and  sixty-five  ounces, 

Mechamcal  Equivalent  of  Foods. — We  have  discussed  the  dy- 
namic value  of  foods  largely  as  to  the  amount  of  heat  produced  by  tbeif 
combustion.  Muscular  cnerg)^  js  derived  from  the  conversion  of  tiiis 
heat  into  dynamic  energy.  It  is  easy  to  calculate  from  tlie  heal  gener- 
ated by  a  food  the  mechanical  power  it  will  produce.  We  have  but  lo 
multiply  the  number  of  calories  by  3077,6  to  gel  the  equivalent  in  foot- 
pounds, or  by  425,5  to  get  the  equivalent  in  kilogram-meters. 


If  we  take  the  European  estimate  for  adults  not  doing  work  as  2400  calorics, 
we  cakubte  the  equivalent  in  work  a£  1,020,000  kitogram-incters,  f*r367a  ftfi- 
tons.  For  ord[nar>'  work  the  heat  required  is  cstimflled  as  2S00  caJori*^  t, 200,000 
kilograjn-meters,  42S0  foot-tons,  or  8,562,400  foot-pounds.  Taking  the  Amcrkin 
estimate  for  ordinary  work  of  3500  caJories,  we  calculate  the  equivalent  as  i^SStijo 
kilogram 'meters,  or  10,771,600  foot -pounds. 

It  must  not  be  supposed  that  all  the  work  represented  hy  these  figures  ain  be 
prijduced  by  a  man  using  the  above  diets. 

A  considerable  part  of  the  energy  of  the  food  is  used  up  in  performing  the  wort 
of  the  heart  and  lungs  and  necessary  muscutar  movements^  and  a  part  is  kistbf 
radiation  of  beat  from  the  surface  of  the  bcxjy*  and  a  piirt  is  lost  with  the  bittthi 
perspiration,  urine,  and  feces, 

McKendrick  puts  the  amount  of  work  done  by  a  laborer  in  eight  boun  *a1 
125,000  kilogram-meters,  or  004,125  foot-pounds.     The  average  daily  amount  of 
work  performed  by  laborers  is  about  1,000,000  foot-ptmnds*     About  one-hitf  fi 
much  can  be  accounted  for  in  other  work,  leaving  abiiut  four-fifths  of  the  eo 
of  the  food  taken  as  loss.     The  best  steam-engine  can  utilize  about  one^ 
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of  the  total  energy  of  ibe  fuel,  whllr  the  buman  body  gives  about  oiw?-fift!i  of  ibe 
te4^  enejgy  of  its  fuel  in  the  form  of  mii5cabr  power.  It  ha^  been  cstimaled  bjr 
Froi^^r  Coliren  that  l be  horse  may  transform  alicutt  32  per  tent,  of  his  foot!  mUt 
energy,  an  ox  45  per  cent.,  a  man  55  per  cent.  Thesr  results  are  higher  than 
lliose  of  inost  other  ohscrvcre.  The  experiments  by  Rtibncr  on  dogs  show  that  they 
Ific  the  fuel  with  great  cconcuny  as  loi^  as  it  is  not  given  In  e^ce^  over  the  needs 
of  tbe  bkidy.  If^  however,  more  food  is  given  than  their  bcKJitrs  rtquirc,  ihev  store 
ftp  A  part  of  the  eitcs^  a^  fat  for  a  time,  but  finally  reach  ihe  point  where  the  el- 
ects h  all  wasied-^",  e.,  there  seems  to  be  a  liinit  to  ibcir  storing-up  of  fat,  and 
after  tliat  tbe  excess  taken  is  thrown  avFay. 


Himfcr,— During  abstinence  from  fftod,  the  Ijody  gets  its  material 
for  the  production  of  heat  and  the  power  necessarj^  to  czny  on  the  vital 
processes  from  the  consumption  of  stored  fat  and  the  other  tissues. 
Adults  can  endure  hunger  l>etler  than  children^  and  full-grown  large 
animaJs  better  than  yuung  or  small-sized  animals  of  tbe  same  species. 
Fat  persons  can  endure  hunger  longer  than  lean  ones,  because  the  former 
have  more  fat  to  bum,  M  animals  live  longer  without  food,  if  water  be 
given,  than  without  water.  With  water^  strong  men  can  fast  sis  weeks 
or  more;  young  children  will  often  die  in  from  one  to  two  weeks. 

Observations  on  fasting  men  show  that,  when  there  is  an  abundance 
of  fat  present,  the  amount  of  proletd  used  up  is  nearly  proportional  to 
tbe  body-weight.  In  lean  persons ^  however,  the  proteid  used  is  greater 
in  profiortion  to  body- weight  than  in  the  fat.  The  loss  in  weight  is  more 
during  the  first  hunger-day  than  in  succeeding  days,  as  shown  in  the  fol- 
lowing table,  giving  the  obser\ations  made  upon  three  fasting  men: 


Nmcc  or  F*sr!«c  Mam. 


Cenit  firat  davj-, 

"     fifihda>» 

*     tenth  day,. .,,..,,,. 

Brctthaupt,  fiRt  day, 

"  second  day t". 

"*  sixth  day,  . . . . 

Stndp  first  da ji*.. .... 

*'     tenth  diy 

**     twt*n  iJeth  day,  -...., 
**    twenty-ninth  day, . . . 


BOOY* 

Gii$.or 

<n,m.  nr 

CAtOKlIS 

WUGHT  Df 

FAt  USEDv 

Pso- 

POONUa, 

Vmo, 

oecxD. 

136 

9S 

170 

i960 

116 

67 

i6a 

iSt^ 

III 

60 

16S 

1786 

I3» 

63 

162 

1771 

J29 

62 

160 

174a 

134 

6q 

160 

1740 

137^5 

104 

-- 

__ 

m 

St 

170 

1 795 

ti6 

J3 

170 

1709 

1 10.4 

3* 

169 

1       ^70^ 

It  will  be  seen  tiiat>  while  tbe  protein  used  continues  to  decrease 
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Qeariy  statioiiaiy  after  the  secoTid 
t  the  otJiers,  mod  tlik  ^lajred  his  proteids, 


4faj  bf  ixf,  Ihm  §M  used 

Cctti  and  Bwilhiqpt  }om.  a  little  oiict  a  pcmmd  a  day  in  weighf, 

:  StMxi  lost  m  little  kS5  tfaas  a  pound- 
Tbc  cAects  of  gmtinyftl  fasdi^  eren  when  an  abundance  of  water 
6  lakioi,  aie  ^adual  loss  in  wi^iL,  aft^  a  few  days  a  lowering  of 
body-teiBpaaliiEe»  and  whoi  the  body-weight  has  reached  two-thirds 
"  the  mtid  weight  the  nen^ous  system,   heart,  and  otha' 
>  lose  their  fitnctkni,  the  pulM!  becomes  feeble,  maaition-ddiriuiD 
y  tfaeii  sovnoolciice  or  coDm,  and  finally  death. 
^b  ^  iolioiwiiig  table  wiM  be  found  the  proximate  compositloo 
of  idm  ofdiitiij  artkl^  of  diet  io  parts  in  ioc»o: 

CHEMICAL  COMPOSmOX  OF  COMMON  FOODS  (Gautlcr). 


IUhe  m  F<R 


Pksh  untkmtt  B<m€s: 

BcN^f.fal,  ..<.. ...-_ 

"     m«clitim  fatr  ...... 

u 

**    salted...... 

Veal,. 

Horsc-flcsh, ,  .^ 

Smoked  ham,  ..... 

Pork,  saJted  and  smoked, 
Flfsh  wiih  B^nes: 

Beef,  fat,  ,.,.,.... . 

**    medium  fat,  ...,. . 

'*    slightly  ^Itcd, 

**    corned,  , 

Mutton,  very  fat,  ....... 

**        medium  fat,  ... 
Pork,  fresh,  fat, ,. 

"     sail,  fat, 

Ham,  smok(*d,  .....  ^ ..  . 
£g^  white, ....... 

y    yolk „... 

Mifk,  cow,  ............. 

**     humani  .......... 

Fish  4*t  Getterat: 
Eel,  of  riv^ers,  cm  I  re,  .... 

Salmon,  entire, 


E 


&m 


19^ 
190 

igo 
^iB 

100 

175 
190 

135 
160 

lOD 
1 30 
200 

160 

19 

*35 


t66 
98 

120 
IIS 

So 
6S 

660 
lit 

100 

160 
460 
540 
300 
7 
307 
40 

45 
4S 

6/ 


II 

iS 

117 

13 

i»S 

100 

40 

9 

IS 

SS 

100 

s 

10 

5 
60 

4 
IS 


640 
673 

544 
S^S 
4B0 

43» 

437 
520 

340 

a77 
740 


10   4^ 


IS© 
150 

ss 

70 

So 

9Q 


33^ 
313 


.90 

•S3 
41 
.^ 

1-43 
6.60 

^53 
*S3 

t. 
4.60 

4' SO 

1.50 

.07 

t.ix 

*J7 

33 

'1^1 


^1 
1.51 
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CHEMICAL  COMPOSITION  OF  COMMON  FOOJyS.—Cmiinued. 


Haxk  Of  Foott. 


Fish  in  Genensl- 

Solc,  entire,  -.. ,,,- 

Perdi,     - 

Cod,  fmhf  entire, 

Herring,  salted,  ..,*.»... 

Salmoti,       " 

Cod,  dried, 

Wbcal-bread,  fresh 

Rve-brcad,  fresh,  ,,.,,... 

Wheat,  -- ...-,,,- 

Rye,-.. 

Wiitter  barley,  ., 

Oats,  **.-.-...-,,-. 

Com,  - .-,---*. 

Rke,. ., 

P«Sp  -.. -..,., 

French  beans,  .*......... 

Kidney     "     .,„.._-.._ 

Lcjttik,  >-,...„. 

FoUtacs, -,-.. .. 

Catilifiowcr, 

Applcsj 

Grapes,  ..***-.**,,..  — 
AlcnoDds,  .*.>....,,«...* 

Cocoa, ,- 

Ffcpar^  Fifods: 

Boiullon,  ...--... .. 

Butter,  ,-,-,.,.,,.**.<,. 

Laid „...-„., 

Swiss  cheese, - , , , , 

PmnneSttO  cheese 

Evtjsct  of  beef  (LieWg's), 
Wine  (red  Bordeaux),  .  .^ . 
Porter,  ..*-...,,...-..<. 

8cer» OffdinAryr  - ---. 

"     light,... 


^ 


si 


us 

lOO 

86 
140 

200 

SS 

77 
146 

90 

119 

128 

64 

aao 

365 

15 

5 

5 

7 

243 

140 

5 
7 
3 

335 
441 

7 

5 
7 


14 
3 

I 
140 

id8 

4 

to 
10 

13 

30 
2$ 

55 
70 


537 

480 


850 
990 

350 

'59 


55<^ 
4B0 
679 
67s 

599 
4.3  I  7«' 
ao  575 
20    540 


575 
580 
200 

3D 
30 
80 
73 
180 


Si 
70 
48 


II  580  350 

8    440    4SO 

S  ,  455    450 


Ratio  c^f 
I  13  :j. 


100 
13a 

106 

17 
t6 
16 

19 
45 
30 
II 
68 

33 

34 

35 
16 
10 

7 


3 

>5 

57 
17s 


280 
460 
357 

330 

400 
140 
iti6 
130 
140 
177 
144 
145 
160 

13P 

"S 
760 
92a 


340 
100 

lOO 

5 
17 


830 
54 

55 


985 
"9 

7 
346 

^75 

317 

830 
4(871 

3 

3  Q16 


66 
95 


.09 

.03 
.01 
I. 
*S4 
^01 

ai 
.14 
.083 

.31 

46 
'54 
x>6 
.09 
,09 
.07 
^ 
•09 


3.23 

343 


1.21 
3-30 

^75 
36 


6.35 

4^68 

7'5o 
474 
5^17 
4*69 

11^90 

^55 

3*43 
3^61 
2.19 

10,  JO 
4- 

j6w' 
1.39 


9-57 

.15 
6J5 


The  Physiological  Test>  or  the 
ledge  of  the  digestibility  of  foodr^  ^-^ 


is  IS 


Digestibility  of  Foods*— A  knowl- 
of  great  importance.     We  live,  not 
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Upon  the  food  we  eat,  but  upon  what  we  digest  and  absorb.  The  fol- 
lowing table  gives  the  percentage  of  the  various  foods  usually  digested 
bv  man: 


Weight  of  Food 
Eatex,  in  Grams. 

Amount  Absorbbd,  in  Per  Cent. 

Name  of  Food. 

Moist 
Coodi- 

tiOD. 

Dry  Sab- 
sUDce. 

Dry  Sub- 

Proteins. 

Fats. 

Carbo- 
h>-drates. 

Ash. 

Meats  uoasted),    . 

SfIL-.: :::::: 

s 

3^ 
247 

95 
95 

97 
97 

95 
95 

8, 
83 

J470 

3«5 

92 

■y 

95-97 

100 

63 

Milk  and  cheese,  . 

249a 

4» 

94 

97 

xoo 

74 

While  brcaii,  .   .   . 
Brown  bread,  .   .   . 
Macaroni 

•IS 

^ 
^ 

•s* 

i 

99 

s 

Corn-bread,     .   .   . 

750 

641 

93 

8s 

97 

70 

Corn-bread       and 

cheese,  

780 

96 

U 

91 

96 

81 

Rice 

638 

552 

96 

93 

5 

n 

Peas  (in  soup),  .   . 

600 

5^' 

91 

% 

Poutoes 

3078 

^19 

9* 

'96 

9a 

84 

Butler, 

98 

. . 

Oleomargarine,  .   . 

.   . 

.  . 

*  \ 

,   . 

96 

,  , 

Beets 

.   . 

.  . 

,  , 

72 

83 

. . 

Mixfd  Difts: 

I  liter  milk,  chop- 

ped meat,  white 
bread.        butler. 

and  an  egg,    .   . 

.  . 

360 

89      . 

91 

95 

100 

I    liter    milk.    300 

gm.  of  meal,  175 

gm-     bread,     60 

gm.  butter.   .   .   . 

1540 

.  . 

94 

95 

99 

, , 

Meat,  peas,  cakes, 

rice,  cheese,  but- 

ler, and  beer,  .   . 

4500 

805 

91 

83 

85 

96 

7» 

Meat,  oatmeal,  po- 

tatoes,       bread. 

cheese,  peas,  and 

butler 

4330 

787 

87 

78 

77 

91 

S9 

Coarse   bread,  po- 

tatoes,    herrine, 
bacon,  milk,  salt 

meats, 

3910 

898 

87 

78 

83 

93 

70 

It  will  be  noticed  in  this  table  that  the  proteids  of  milk  and  cereak 
are  less  completely  digested  than  those  of  meats.  Children,  however, 
do  better  than  adults  in  digesting  the  proteins  of  milk.  In  considering 
this  question,  we  must  not  neglect  the  idiosyncrasies  of  certain  peq)lc 
What  is  digested  by  one  is  often  difficult  to  digest  by  another.  Diseases 
of  the  digestive  canal  frequently  interfere  with  the  digestion  of  food. 
Idiosyncrasies  of  this  kind  usually  depend  upon  either  functional 
or  fermentative  disturbances  of  the  digestive  canal  or   its  contents 
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vmrEatioci&  from  die  Bonnal  can  Dot  be  taken  into  account  in  con- 
sidcring  the  d^tfit^iit}^  of  fncids. 

Circmnstaiiocs  Ifaal  Afiect  the  DigestibLlitj  of  Foodfr— Sottns. 
—The  pruteiiis  of  aniitial  origin  are  more  casUy  and  comjiletdy  digest^ 
t&An  those  iiom  the  tcge^altle  kingdom.  Tbe  same  may  be  said  di  £ats. 
We  knoVf  m  itigan!  to  the  carbc»h?dratefi,  that  the  staxcb  fmm  one  filant 
is  often  more  easQy  digestible  than  that  from  another.  We  fcno^'  of  ©o 
explanation  lor  this*  Some  kinds  of  fle&h  are  more  easily  digested  by 
artificial  gastric  juioe  than  others;  thus,  fish  m  more  difficult  to 
digist  than  beef;  white  £esh  Is  more  easily  digested  than  dark,  mw 
beef  than  smoked. 

Obserratloas  flude  mi  cases  M  gastric  fistula,  ujnon  the  time  food 
stars  in  the  slomasdi,  hmwe  sbown  ^ttl  meat  remains  bxym  two  and 
one-lmlf  to  five  hours,  the  most  d^estible  bei^g  kaibp  becf«  mithiQ^ 
feh,  veal,  and  pork^  in  the  order  niiEaed.  Soise  staidrf  foods-ras  ikc, 
barley,  tapioca^^remain  two  hours  or  less  m  the  stomach,  ^hOe  others, 
sudl  as  beans^  peas,  and  |»otatc»es,  remain  ti^t)  and  one-half  hours; 
white  bread  three  hours,  and  brown  bread  fotir  hours. 

Bulk  or  Voltime  of  Food, — The  two  factors  which  appear  to  de- 
termine the  digestibilit}-  of  ^t-getable  foods  are,  ferst  the  bulk,  which  is 
chkfiy  due  to  the  large  amount  of  water  and  starch  which  they  contain, 
and^  second,  the  amount  t>f  celJuIf^se  ther  contain.  II  the  amount  of 
odluloee  is  small,  and  the  bu lie  s^all,  thr;^  di^t  easily.  If  the  amount 
of  cAnlose  be  large,  and  the  bulk  large,  ibeir  digestion  is  difficult.  A 
bulky  food  thiiows  excessive  work  on  the  slomachj  causes  discomfort^ 
and  all  parl^  of  tbe  food  can  not  so  well  come  in  contact  i^ith  the  walls 
of  the  stomadu  The  same  amount  of  nutriment  in  smaller  space  is 
more  easily  digested.  One  objection  to  a  vegetarian  dk^  is  in  the  fact 
that  the  proteids  are  so  diluted  by  insoluble  ceDulose  and  unnecej^arr 
itarch.  that  brge  volumes  of  food  must  be  taken  to  obtain  the  requisite 
90  to  10©  j?n,  of  prc^teid  da  ily.  The  carbohydrates,  too,  are  apt  to  undeiiga 
fermentative  changes,  and  the  gases  so  formed  give  rise  to  flatukDce 
and  discomfort »  Cellub&e  is  almost  useless  as  an  article  of  food,  and  it 
pmenls  the  access  of  the  digestive  juices  to  the  nutritive  ingredients  of 
the  food  unless  it  be  well  broken  up  in  the  preparation  of  the  food.  On 
the  cHhcr  hand,  as  cellulose  is  largely  undigested  by  man,  it  increases 
the  %'olumc  of  the  feces,  and  stimulates  the  movements  of  the  intestine, 
and  is  sometimes  useful  in  overcoming  constipation.  For  this  reason 
whole  wh^t  bread  acts  as  a  mild  kxative.  Well-cooked  cellulose  is 
more  easily  attacked  by  bacteria  in  the  intestine,  and  furnishes  hydrogen 
and  marsh  gas,  thus  producing  troublesome  flatulence.  This  explains 
why  cooked  cabbage  or  turnips  often  create  sickness.  From  twenty  to 
eighty  per  cent,  of  the  cellulose  in  different  %'egetables  remains  unab- 
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SQfbed.    Wliether  the  remainder  is  actuaJly  digested  and  absorbed  or 

decctmpKiserl  by  Ixicteria  and  thus  disappears  ts  doubtful. 

The  Reaction  of  Food,— .\s  a  mJe,  food  should  be  slightly  alkaline 
to  ejcciie  a  flow  of  gaslric  juice;  too  much  alkdi^  however ,  neutrali/jcs 
the  ^if^tric  acidity  and  thus  hinders  digestion.  Too  much  acid,  such  as 
lemon-juice^  vinegarj  etc.,  may  diminish  digestion,  and  ultimately  lead 
to  serious  disorders  of  the  walls  of  the  stomach. 

Cooking  of  Food.— The  cooking  of  food  is  not  always  a  necessity^ 
although  it  senses  several  useful  purpose.  It  d^troys  pamsites  and 
the  danger  of  infection*  It  bre^ais  up  the  starch  grains  in  vegetable 
foods  and  makes  them  more  easily  affected  by  the  digestive  juices.  It 
converts  the  insoluble  collagen  of  animal  foods  into  soluble  gelatin,  and 
disintegrates  the  connective  tissue. 

Of  the  two  methods  of  cooking  meats,  roastbgand  boiling,  the  forma-^ 
is  the  most  economical,  as  by  its  means  the  exterior  b  coated  over  witJ  * 
a  coagulated  layer,  which  preserves  the  flavor  and  juices  of  the  interiurJ 
Boiling  renders  the  proteins  more  insoluble  than  they  are  in  the  um\ 
stale,  but  this  is  counterbalanced  by  the  greater  solubility  of  the  o^n- 
nective  tissue. 

Artificial  Dtgastlon. — It  is  frequently  found  neccssar>%  with  per- 
sons of  feeble  digestion,  to  partially  digest  the  food  before  it  is  admb* 
istered*     Artificial  gastric  juice,  pancreatic  juice,  and  juices  of  the 
papaw  plant  and  the  pineapple  are  employed  for  this  purpose,    Tbt 
food  to  be  digested  is  warmed  to  the  temperature  of  about  40''  C.  (104" 
F,).    The  digestive  agent  is  then  added,  and  it  is  allowed  to  react  for 
a  time  limited  by  circumstances.     In  such  cases  w^e  usually  prr5i?nl 
to  the  enfeebled  stomach  half -digested  foods.    In  the  oise  of  meat^ 
the  peptonization  is  seldom  carried  beyond  the  formation  of  albumoat* 
It  is  the  aim,  usually,  to  prepare  peptone,  if  at  all,  in  very  small  qiuiih 
tities.    The  best  commercial  preparations  sold  under  the  name  ^^i      , 
peptones  are  chiefly  albumoses  containing  but  a  small  quantity  cf  ^ 
peptone.     Indeed,  the  value  of  peptone  as  a  food  seems  to  be  less  ihaa  S 
that  of  albumose.  '^ 

Animals  fed  upon  peptone  instead  of  albumin  or  other  undig^slwf 
protein  lose  weight.  The  following  table  shows  the  relative  value  of 
the  different  proteins  upon  the  metabolism  of  nitrogen: 


Kim*  Of  pROTUw, 


Lntaee. 


A>bu-n {l^r^^- 

p<pt°"' {&'" 

That  is,  when  the  same  amounts  of  the  three  proteins  are  fed,  the  fa^ 


NmtocEif 

OVTCSO, 

S.802  gm* 
6.370  " 
6.423  ** 
10.476  •' 


-urn : 
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two  nourish  the  body  equally  well,  while  ]>eptone  fails  to  assimilate  in 
sulficient  amount  to  keep  up  the  nitrogen  balance* 

Artificially  digested  foods  are  usually  bitter,  if  the  digestion  is  carried 
too  far.  What  this  bitter  substance  is,  is  unknown.  It  is  not  albumose 
or  peptone. 

Absorption  of  Foods,— The  absorption  of  the  digested  foods  is 
more  of  a  ph\'sical  and  physiological  proc^is  than  a  chemical  one*  It  is 
a  process  of  osmosis,  modified  by  sj>ecL'il  conditions.  On  one  side  of 
the  mucous  membrane  of  the  intestines  we  have  the  blood  and  lymph, 
and,  on  the  other,  a  concentrated  solution  of  easily  diffusible  salts,  pep* 
tones,  dextrin,  dextrose,  levulose,  soaps,  and  fat  in  a  state  of  fine  emulsion. 
The  soluble  carbohydrates— that  is,  dextrin,  dextrose,  levulose,  etc. — 
absorb  slowly,  pass  principally  into  the  ro^iitlets  of  the  portal  vein, 
and  are  carried  to  the  liver,  where  a  part  is  stored  up  as  glycogen,  the 
remainder  disappearing. 

It  is  now  believed  that  the  proteins  are  cleavecl  mostly  into  the  ami  no- 
acids  before  or  during  absoqnion,  by  trj'psin  and  erepsin.     If  peptone  is 
absorbed  at  all,  it  is  in  verj^  small  amount.     Albumoses  and  peptones 
bein^  colloid  substance,  by  the  laws  of  the  behavior  of  colloids  can 
not  diffuse  into  the  colloid  protoplasm  of  the  living  ceOs.    The  proteins 
are  then  cleaved  into  cr>^stallizable  amino-acids  and  absorbeil  as  such. 
These  are  then  used  by  the  tissue  cells  to  reconstruct  the  proteins  they 
need.     Egg-aJbumin,  as  well  as  myosin  and  alkali-albumin,  when  mixed 
frith  a  small  quantity  of  sodium  chloride,  are  abssorbed  in  small  amounts. 
Tlie  large  intestine  absorbs  them   more  readily,   the  limit  being  six 
grams  of  albumin  or  fifty  grams  of  egg-white  per  day.    The  soluble 
soaps  are  easily  absorbed.     The  most  of  the  fat  undergoes  saponifica- 
tion before  absorption,  but  a  small  part  of  it  is  emulsified  and  absorbed 
in  thb  form*     This  emulsion  is  quite  readily  abscjrbed  by  the  lac- 
teals,  and  soaps  can  be  detected  in  the  portal  blood,  but  rapidly  disap- 
pear.    No  free  fatty  acids  have  been  found  in  the  blood.     Alcohol,  in 
part  at  least;   tartaric,  malic,  citric,  and  lactic  acids;   glycerol,  inulin, 
„      and  vegetable  mucin  are  absorbed  from  the  intestine;  chlorophyll  is  not 
H^^hrbed;  hematm  only  partly;  indigo,  madder,  alkanet,  turmeric,  and 
^^Hlbr  other  vegetable  coloring  matters  are  absorbed.    The  gums  and 
^      pectin,  not  being  j>eptoDized,  are  not  absorbed.    Poisons  are  sometimes 
rapidly  absorbed,  and  at  other  times  slowly.     Some  organic  poisons 
i       are  desiroyed  by  the  li\'er,  while  others  are  not. 

Assimilation. — The  function  of  food  is  to  give  heat  and  ceU- 
energy — m enial ,  nervous,  a nd  m u scu lar.  The  ult i ma te  form  in  wh ich  food 
I       leaves  the  Ixnly  is  chiefly  as  H^O,  CO3,  NH^,  uric  acid,  and  urea.     The 
tntermedbte  forms  and  products,  besides  those  of  animal  heat  and 
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motion,  are  as  yet  little  known.  Jyst  what  proportion  of  the  fond 
actually  enters  into  the  formation  of  the  tissues  before  undergoing 
oxidation,  and  how  much  of  it  is  oxidized  merely  to  fomlsh  heal,  has 
been  the  subject  of  dispute,  but  the  weight  of  evidence  now  seems  to 
be  that  no  protein  food  ts  directly  oxidize<L 

Liebig  divided  food  into  flesh-formers  and  heat-producers.  The 
nitrogenous  elements  he  termed  the  plastics,  or  fle^h-former^.  We  mm 
know  that  they  pn>duce  heat  and  fat,  as  well  as  do  the  carbohydrates. 
Formerly  it  was  supposed  that  the  blood  was  the  seat  of  oxidation  in 
the  ixxly,  but  now  this  view  is  abandoned*  It  is  in  the  solid  tissues 
that  the  principal  oxidation  takes  place,  but  not  within  the  cells.  Whi] 
it  is  probable  that  most  of  the  food  t>ecoraes  assimilated  and  takes 
place  of  the  tissues  which  are  disintegrated,  it  is  certain  that  not  all  of 
carbohydrate  food  taken  enters  into  the  composition  of  the  tissues,  or 
is  assimilated.  It  is  quite  probable  that  a  part  of  the  glucose,  at  leasl, 
undergoes  direct  combustion  in  the  capillaries  of  muscuki  tissue  during 
its  contraction. 

We  have  seen  that  the  proteins  are  absorbed  as  amino-aeidSj  con- 
verted into  serum-albumin  and  serum-globulin,  during  or  inamediatdy 
after  absorption,  and  circulate  in  the  bkxd  and  lymph  in  this  form. 

By  slight  modifications,  which  only  slightly  modify  their  chemlc-sJ 
composition,   but   also  their  physical  properdes,   they   are  convert^ 


iUK^ 
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structures.     These  changes  are  due  in  many  cases  to  loose  combinations 


into  myosin,  casein,  ossein,  gelatin,  etc.,  to  suit  the  needs  of  the  different 
structures.     These  changes ; 
with  various  inorganic  salts. 

The  carbohydrates,  we  have  seen,  are  absorbed  in  the  form  of 
hexoses.  It  is  also  stated  by  some  authorities  that  a  small  qtiantity  df 
dextrin  and  cane-sugar  may  be  absorbed  from  the  stomach,  when  they 
enter  the  venous  circulation.  It  is  more  likely  that  dextrose,  whtn 
taken  with  food,  is  absorbed  here,  as  it  is  more  diffusible  than  either  of 
the  others. 

The  dextrose  which  is  absorbed  from  the  intestines  is  changcci  liv 
the  liver  into  glycogen,  although  this  subsUince  is  also  prepared  frnm 
the  proteids  of  the  protoplasmic  tissues.  Glycogen  is  also  found  >n 
many  organs  of  the  tK>dyj  as  in  the  fetal  placenta,  the  skin,  lungs,  W^ 
ncys,  muscles,  and  epithelium.  It  Is  especially  abundant  in  the  musdes 
(04  to  0.8  per  cent.),  It  is  augmented  by  a  diet  rich  in  starch,  sugafi 
or  dextrin.     Dextrose  is  found  in  the  muscle-juice  as  well  as  in  die  blood 

The  glycogen  of  the  muscles  accumulates  during  repose,  but  disap- 
pears during  prolonged  work,  and  may  be  one  of  the  decompositi>B 
products  of  proteids. 

The  fats  are  absorbed  principally  as  soapsj  and  are  dislribuWl 
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throughout  the  body.  The  animal  body  also  derives  fat  from  the  con- 
versbn  of  sugar  or  glycogen,  and  from  the  destruction  of  proteids  of 
cell-protoplasm. 

The  chemical  processes  involved  m  the  appropriation  of  the  various 
food -substances  are  not  thoroughly  known;  but  by  some  sort  of  com- 
binaLbn  of  dead  circulating  proleid,  it  becomes  a  part  of  the  living  cell. 

The  most  important  tissue  of  the  body,  because  most  abundant,  is 
the  muscular.  Half  the  proteid  materbl  of  the  body  and  half  the  water 
eiist  in  the  muscles. 

Tissue  Equilibriiim.— We  i^n  get  some  idea  of  the  use  of  foods  in 
the  animal  body  by  feeding  experiments  U|^>on  animals,  and  striking  a 
balance-sheet  between  the  malter  taken  into  the  body  in  a  given  time, 
uiduding  food,  drink,  and  air,  and  the  total  excretions,  including  urine, 
feces,  perspiration,  and  breath. 

The  following  table  will  illustrate  what  is  meant  by  such  a  balance 
sheet.  The  data  for  such  a  balance-sheet  can  only  be  obtained  by  use 
of  a  respiration  calorimeter: 

EXCHANGE  OF  MATERIAL  ON  ADEQUATE  DIET  (Rankc), 


I.K». 

OtitOfk 

Food, 
i 

CSS, 

Cm-   1 
most* 

Exoztioit* 

cm. 

Prolrid»  lOO  gm.,,  . 

Fatt  loo  gm., ,.,,,. 

'SS 

53 

n 
n 

Urea.  51.S  gm.. .,1 

Uric  add,  0.5  gm,,.-,  J 
Fetes,.. ._ 

144 
1,1 

6,16 

Cartxikydrate,  350  gm,,  . , 

10^4 

Rf-spiration  (CO J, . ,  > . . 

3©8,00 

Total.. 

^ss 

>^s 

ToUJ --, 

>S.5 

1^5^00 

Relation  between  Proatimate  Principles  of  Food. — It  has  been 
'  found  that  the  relation  Ijctween  carbon  and  nitriigen  in  our  focid  should 
be  250  to  15,  or  16,6  to  I.  The  pro[Kirtion  of  these  elements  in  proteids 
is  53  to  IS,  or  5.5  to  I,  If  a  man  should  attempt  to  live  upon  lean  meat, 
ht  roust  consume  1  to  3  kilograms  (5  to  6  pounds)  of  lieef  to  get  the 
rcqy  i^^ite  amount  of  carbon.  This  quantity  would  contain  more  nitrogen 
than  the  body  needs,  and  more  than  can  be  easily  dtgesled  or  oxidized  if 
abiorbed,  and  more  than  the  kidney  can  excrete.  This  c^vcrworkinj^ 
t>f  the  kidneys  would  tend  to  produce  chronic  inJlammatfon,  and  the 
accumulation  of  nitrogen  would  tend  to  produce  gout  and  other  troubles. 

If  the  quantity  of  meat  be  adjusted  for  the  proper  amount  of  nltro* 
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gen,  there  would  nnt  be  enough  carbon  and  h^xtrcgeD  to  supply 
and  the  bcjdir  would  bse  weight.    A  pure  meat  diet,  Ih^elore,  can  ddI 
be  maintained  lor  a  long  time  without  serious  injury. 

Tlic  same  thing  is  true,  to  a  limited  extent,  with  carbohydrate?  in 
the  form  oC  cereals,  and  especiaOv  io  the  flour  made  from  thcfii.  By 
reference  to  the  table  on  page  552  it  wiU  be  seen  that  to  get  the  requisite 
aiiiijgen  In  vheat-bread,  1,3  kilograms  (2.S  jjoundis)  uf  il  must  be 
eaten,  while  less  than  half  that  amount  would  fumbh  the  carbon. 

Io  the  practical  oonstrurtion  of  a  diet,  we  first  take  enough  mail  to 
supply  sufficient  proteid,  and  then  supplement  this  with  sufficient  cir- 
bohi-drate  and  fat  to  furnish  the  necessaiy  heat.  The  non-nitrogeiiuus 
foods— 1\  e.,  fats  and  carbohydrates — are  thus  termed  proteid-spaiini 
foods.  The  same  tCTm  may  be  applied  to  gdatin^  as  this  k  its  chief 
value  as  a  food.  The  fats  and  carbohydrates,  especially  the  lattCT, 
oxidise  more  readily  than  the  proteids,  and  in  this  w^ay  protect  lie 
proteids,  as  well  as  the  fats,  from  lo^.  The  fats  and  carbohvdralei 
seem  to  be  ablc»  to  a  certain  extent,  to  replace  each  other  without  dctri- 
waaHL  Fats  and  carbohydrate  are  both  manufactured  m  the  kxiy 
from  pmteids,  but  this  diange  is  prevented  by  an  abundance  fjf  i\vt 
§armm.  In  diabetes  mellitus  this  conversion  of  proteids  into  dextp^^c 
is  Tcn*  great «  and  with  consequent  rapid  loss  of  flesh  and  streiigth* 
Supfilying  carbobj^drates  does  not  then  s{>are  the  proteids.  Fats  x 
kurmcd  in  the  body  from  the  proteids  of  the  tissues,  as  one  of  the' 
vetmgnfieor  desiructive  changes.  Hence  it  forms  as  a  step  in  degencr^ 
attem  of  tissiie.  Fats  are  also  stored  from  the  fat  taken  as  fooJ,  or 
tbcy  are  formed  from  carbohydrates* 

Food  Accessories,— By  food  accessories  are  meant  those  sub- 
stances taken  with  food,  such  as  alcohol,  condiments,  stimulants,  etc. 

Akolioly  when  takea  in  moderate  amounts,  is  burned  in  the  body, 
mad  gives  pdenlial  energy.  One  gram  of  alcohol  in  burning  pnxluttf 
7X»54  caWies.  while  dextrin,  m^hich  occurs  with  alcohol  in  malt  lic^uors, 
gi^  4-'*7f  ^^^  glua>se  3.739.  These  substances  are  all  capable  «J 
bciw  used  ss  cnmbtistibles. 

while  akuhol  ads  as  a  producer  of  force,  it,  at  the  same  time,  od 
not  be  ffiptiiod  as  equal  to  the  carbohydrates.  Like  them,  it  sjmn^ 
the  nimigeiioiis  ^e^sIc,  shown  by  its  power  of  diminishing  the  e\  ^ 
ticm  ol  utea.  In  iirge  quantities,  however,  it  increases  the  txcr^ 
of  uecft,  wiUt  the  destruction  of  nitrogenous  tissue.  In  this  respmi 
bd^VK  like  certain  active  poisons,  as  arsenic  and  phosphorus,  V\kt 
these  poisons,  it  leaves  a  residue  of  fat  after  the  decomposition  of  llw 
lissiies»  and  nuiy  lead  to  the  accumulation  of  fat  in  certain  org-^ns. 

Thefe  is  another  dlfferejice  between  the  action  of  the  carbohytlnttts 
and  akobol,  and  that  is  in  the  local  irritant  action  of  the  latter  on  tk 
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Stomach  and  other  intenml  organs,  and  the  central  nervous  systeio, 
WTiile  it  senses  to  produce  heat,  spare  the  proteids,  and  stimulate  the 
heiiri,  it,  at  the  same  time,  has  a  certain  injurious  action  upon  some 
of  the  tissues.  Its  paralyzing  action  upon  the  nervous  system  is  shown 
by  the  dilatation  of  the  aipillaries,  giving  a  sense  of  warmth  in  cold 
weather.  This  dilatation  of  the  capillaries  favors  the  loss  of  heat  by 
radbtion  and  the  lowering  of  the  general  lemperature.  The  larger 
the  dose,  the  greater  its  paral>^ing  effect  upon  the  nen-es  controlling 
ihe  capillar)'  circulation,  and  the  greater  the  eliminatbn  of  heat.  The 
effect  of  a  small  amount  of  almhol,  well  diluted,  upm  digestion,  is  to 
assist  it.  The  continued  use  of  the  stronger  solutions  {whisky,  brandy, 
gin,  etc.)  produces  a  catarrhal  inflammation,  and»  when  used  in  excess, 
acute  gastritis.  The  appetite  very  often  either  fails  entirely,  or  m  singu- 
liirly  modified  to  crave  only  meats  as  a  diet.  This  leads  to  the  over- 
pnxluction  of  urea  and  uric  acid,  w^ith  gout,  rheumatism,  cy^stitis,  or 
nefihritis.  Statistics  based  njion  observations  made  upoh  thousands 
of  men  put  under  the  same  conditions,  as  in  armies,  have  shown  that 
'*  soldiers,  in  war  or  peace,  in  ail  climates,  in  excessive  heat  or  cold,  in 
rain  and  the  hardships  of  the  severest  marches,  endure  best  when  all 
alcoholic  drinks  are  withheld.''     (A.  Baer.) 

We  must,  therefiire,  regard  alcohol  as  an  expensive  food,  with 
cerLiin  gotxl  results  when  taken  in  reasonably  Hmall  amount  and  well 
diluted,  as  in  claret  and  beer;  but  when  taken  in  larger  quantity  it  acts 
as  a  poison,  which  interferes  with  the  normal  metabolism,  increases 
nitrogen  wasteland  per\'^erts  the  function  of  digestion,  the  nervous  system, 
and  some  glandular  organs.  The  net  result  of  its  action  in  the  body,  when 
taken  in  considerable  quantities,  is  injurious.  It  has  been  estimated 
that  the  human  body  can  bum  about  two  fluidounces  of  absolute  alcohol 
jier  day.  This  will  represent  about  4  to  5  ozs.  of  whisky  or  brandy,  10 
oz&^  of  sherr}*^  or  port  wine,  20  ozs,  of  claret,  champagne,  porter,  or  Basses 
ale,  or  40  to  60  ozs.  of  American  beers. 

Tea,  coffee,  matf,  and  cocoa  are  used  principally  as  cardiac  and 
nenx'-stimulants.  The  first  three  owe  their  stimulant  properties  to 
caffeine  (trimethyl-xanthin) ;  cocoa  to  the  related  alkaloid,  thctjbmmine 
(dimethyl'Xanthin).  It  is  noteworthy  that  all  pef3ple  in  all  climates 
make  use  of  some  plant  that  contains  these  or  similar  alkaloids.  The 
most  of  the  caffeine  so  taken  is  destroyed,  but  when  the  amount  taken 
reaches  0.5  gm,  (8  grs»)  a  jwrtion  of  it  passes  into  the  urine. 

A  cup  of  coffee,  according  to  Bunge,  contains  about  o.  i  gm,  caffeine, 
and  about  the  same  amount  is  contained  in  from  2  to  10  gm,  of  dry  tea- 

ves.     Coffee  has  little  influence  upon  the  excretion  of  urea,  and 

not#  therefore,  act  injuriously  unless  taken  in  doses  sufficient  to 

ivcrstimulate  the  nervous  system*    It  docs,  however,  sometimes  act 
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i^jarioiislj  upon  stomach  digestion.  The  same  may  be  said  of  tea 
QDom,  Chocolate  is  not  only  a  stimulanl,  but  a  rich  food.  It  con- 
lUBS  about  half  its  weight  of  fat,  and,  besides,  about  ii  |)er  cent  of 
iiitmgtuLnis  matter;     It  h,  therefore,  a  concentrated  fotxt 

Bcef-tcm  and  beef-extracts  owe  their  value  to  the  extractive, 
ase  stinuibnis  and  ajvj^etizers.  Some  have  resided  the  In- 
:  sahs  ws  bavtng  a  large  share  in  their  refreshing  eflecti;.  Tbcy 
fildt  iood  value.  The  gelatin  contained  in  soups  and  beef  to 
cs  tke  vaste  of  nitrogenous  tL&sue  during  fever,  and  thus  retards  the 
tot  ilnmtli^  but  does  not  add  to  the  constniclion  of  tissue  or  bkx^. 
i  tfa^t  loo  pans  by  weight  of  gelatin  is  equal  to  36  parts  by 
_  of  albuiiiiEU  or  17J  parts  of  muscle.  It  can,  therefore^  partly 
Sfttre  tfae  body  the  necessity  of  using  up  its  tissues  during  UlDess,  but 
G&n  not  entirely  lake  the  place  of  proteins-  It  is^  therefore,  a  valaabic 
It  ts  also  a  fat-sparer,  but  not  as  valuable  for  thi^  pur- 
;  Ibc  OiHioibydrates,  A  part  of  the  value  of  meat-soups  and  beef- 
i^de  in  the  usual  way,  is  in  the  gelatin  they  contain.  Liebt^^s 
Msd  similar  preparations  owe  their  effecLs  [jrincipally  to  the 
ci^^tjn^  xanthin,  hypo  xa  nth  in,  earn  in,  lactic  acid,  gektm, 
lie  salts.  They  contain  about  78  per  cent,  of  solid  matter,  d 
h  about  60  per  cent,  consists  of  organic  matters,  principally  composed 
^  ifaese  bases,  and  iS  per  cent,  of  salts. 

CMdincats^  such  as  pepper  and  other  spices,  are  useful  onlj 
■ffio&Qf  irbetting  the  appetite.  They  probably  act  by  mildly  imt 
llNrHtfiMis  membranes,  causing  an  increased  flow  of  the  digestive  juil 

Urn  SlMiii:e  of  Muscular  Energy.— We  have  heretofore  spoltn 
^  ihr  gilid&tiun  or  burning  of  the  focid  in  the  body  as  the  s*jurce  of  all 
power,  and  nervous  energy.     We  have  also  seen  that 
I  EMit  bum  as  such,  but  it  supplies  the  place  of  tissue  that 
and  thus  maintains  the  equilibrium.     Wlicn  the  body 
jmr  gams  weight,  there  is  just  as  much  food- material  \ 
i  ti^tae  as  thexe  is  tissue  destroyed. 


tter,wf 
Dpo$ed  I 

itaM 
sDoifn  i 
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f  fnul  may  be  mughty  illustrated  by  a.  tiil>c  open  at  tjuth 

iM^i^^ -idlft-  ^mrtsfes.     If  wr  push  a  nmrblc  in  at  one  end,  one  is  pushed  out  t  

^1^  put  in»  two  or  thive  arc  pushc<l  out.     The  mArblcsthlt 

.^r? ^  '  nurnticr,  kind^  and  weight  to  thcisc^  pushed  in,  hut  are  »* 

^o  ihe  iocid  enters  the  tissueii  oi\  one  side  and  crowds  out  waitf 
When  more  food  is  taken,  more  waste  is  crowded  out  tsA 


Jim  4re  observed  when  a  muscle  contracts  are, 
\A  temperature,  an  increase  in  the  circulation  in  ihe 
bt  1  dilatation  of  the  capillaries,  and  au  acid  «* 
teiue  from  sarculactic  acid.     The  elevation  of 
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tenipenUure  Is  nearly  proportional  to  the  energy  of  the  contraction,  or 
the  work  done  by  the  muscle. 

It  has   been  demonstrated   that    the   muscle-gJycogen  diminishes 
rapidly  during  the  contractions^  and  gnidually  accumulates  when  the 
musde  is  in  repose;   also  that  the  glucose  disappears  from  the  blood 
flowing  through  a  muscle  when  at  work.     Chauveau  showed,  by  anal- 
is  of  the  blood  entering  and  leaving  the  masseter  muscle  of  a  horse: 

First,  That  the  amount  of  blood  traversing  a  muscle  is  2  J  to  3  times 
more  during  work  than  during  repose. 

Second-  The  oxygen  consumed  by  1000  gm.  of  muscle  and  the 
COj  formed  are  3  J  times  as  much  during  work  as  during  repose, 

Th  ird.  That  the  glucose^  which  d  isappears  from  the  blood  in  passing 
through  the  muscle  in  a  half-hour,  is  3I  times  as  much  during  work 
as  during  the  same  time  in  rej>ose. 

At  the  same  time  the  glycogen  largely  disappears  from  the  muscle. 

The  greater  part  of  the  real  energy  of  a  muscle  comes  from  the  oxi- 
dation of  glucose^  or  glycogen. 

A  part  of  these  bodies  is  changed  into  lactic  acid,  and  a  small  amount 
of  nitrogenous  waste  takes  pUce,  with  the  formation  of  fat,  creatin, 
and  other  leucomaines  which  accumulate  in  the  muscle, 

Vrm,  and  uric  acid  are  not  increased  in  propc^rtion  to  muscular  work, 
but  the  myosin  and  globulin  seem  to  slightly  diminish^  and  are  probably 
converted  into  creatin,  fat,  etc.  The  principal  force  for  the  produc- 
tion of  w^ork  comes  from  the  oxidation  of  fats  and  carbc»hyd rates.  This 
eicplains  why  the  urea  excreted  is  not  in  pmportion  to  the  work  per- 
formed by  a  man.  The  accumulation  of  leucomaines  and  the  ex- 
haustion of  glycogen  are  the  chief  causes  of  fatigue. 

It  has  been  shown  that  a  laborer  who  works  ten  hours  a  day  must 
have,  to  keep  his  body  in  a  good  stale  of  healthy  over  and  alx*ve  that 
necessary  for  a  state  of  idlenesSj  the  following  amounts  of  nourishment 
(Gautier) : 

42  gm*  of  atburainofds,  giving  i6j  calories  of  htr^t- 
13    *'    "  fat  **       102       " 

160    "    *'   tiirb*jhydratcs,  '*       6qj      " 

Total.     9sS       " 

Prom  this  it  appears  that  8x  per  cent,  of  the  work  done  by  the 
laborer  comes  from  the  burning  of  the  fats  and  carbohydrates,  and 
19  per  cent,  from  the  proteids,  which  latter  must  be  replaced,  molecule 
for  molecule,  by  food. 

Tbe  42  gm.  of  proteids  consumetl  as  food  ought  to  produce  14  gm,  of 
UF^,  If  entirely  consumed  and  excreted  in  this  form.  In  fact,  only  al>out 
one-sixth  of  this  amount  is  obtained.  There  is,  then,  but  a  very  small 
increase  in  urea  excrctc*d  during  work  over  that  excreted  rii  idleness. 
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Fkk  Ims  tknmtfnUcd  Hut  aiioyt  jj  or  34  per  ctnt.  of  Ae  I 
tnuauaoibr  cpmbustmiB  sppeus  in  the  foorm  ol  minsnilar  m^  whi 
the  ranatikder  h  ikncywii  off  as  beat.  This«  indeed,  b  the  prindfi 
fgumtx  of  amatiJ  beat.  Heimbollz  cstimati^  tliat,  of  the  lotil  hca.tp^ 
dyccd  by  urirUtiuii  in  the  bodj^  qsiJt  about  7  per  cent  is  nq^resenH 
by  mecbttPtcai  work  and  74  per  ceat,  is  radiated  Ixom  the  skk,  aij 
the  remiiosqg  19  |»er  ceoL  b  eUminated  by  the  hm^  ttrio^  ^^  ^ 

DIGESTIOll. 

Dige^iwJD  has  for  its  object  the  pfiepaiucioii  of  food  for  the  nou 
mcnt  of  the  tissues.  There  is  an  atternaJ  and  an  inlerstitial  digeslwl 
Kxtemai  tligestwn  is  the  preparatioa  of  the  focxl  for  absorptinn;  I 
liTsUital  digestion  ts  ihe  more  hidden  process  by  which  the  food  1 
the  mteriiii-  of  plants  and  animals  is  mcxliJied  and  made  avaiLLbJc  ll 
niitritioti*  ExternaJ  digestion  is  illustrated  by  the  manner  in  vhk 
certain  lower  animals  take  their  food»  as,  fur  ejtample,  the  amdii 
which  n>lls  itself  ;ihoui  it^  food,  extmcts  the  nutriment,  and  utnoDs  I 
allow  the  tlc'bri.>s  to  e^scapc.  In  the  Venus  fly-trap  we  have  an  tsimA 
of  the  s;vmc  pnxcss  in  pbnls.  The  alimcntan^  canal  is  a  pn^long^tM 
of  the  skin,  and  may  therefore  be  considered  as  being  outside  of  t| 

Rt-scr\es  of  food  are  such  portions  as  arc  stored  up  in  the  bodksl 
[>lants  and  iinimals  for  futTjre  use,  such  as  fat  and  glvcugen  in  animal 
and  starch  and  sugar  in  plants.  .  i 

Digestion  is  carried  on  by  means  of  soluble  ferments  or  enzymd 
which  have  already  been  described. 

The  Saliva.— The  first  fluid  to  which  aliments  are  subjected  fe  ti 
5ali\'a*  The  sahv^a  is  the  ajmbined  secretion  of  the  parotid,  su| 
maiciUar)',  and  sublingual  glands,  mixed  with  mucus  from  the  n)tico4 
taembrsine  of  the  mouth.  It  is  a  slightly  turbid,  viscid,  frothy  fk^ 
witboitt  taste  or  odor,  slightly  alkaline  in  reaction,  and  of  a  sp.  gl 
bom  ioo<t  to  looS,  It  contains  about  0.5  per  cent,  of  solids,  of  wWd 
O.*  par  cent,  is  salts  and  the  rest  ptyalin^  globulin,  serum -aJbunti^ 
"^A  ^ivan'  corpuscles, 

Mixen  Sauva — Human. 

!%■  Cbkt.  Pn  r 

.-.-,99.51  99.41 

,, .... cmS  o.$t  ' 

i(p|j«jia,etr.),... 0,15  0.14 

-. -*- Owt6  tKM 

_  **-'.^ ...  0.1S3  0»M 

kdiloHde^.... _...  0.0S4 
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The  alkalme  ruction  is  due  to  the  presence  of  alkaline  carbonates 
phosphates.  The  alkalinity  differs  in  different  individuals,  and 
in  the  same  individual  at  different  times  in  the  day,  and  may  become 
neutral  or  acid  without  disturbance  of  health,  especially  between  meals, 
PathologicaOy,  it  may  become  more  alkaline,  or  even  decidedly  acid. 
The  salts  present  are  HNaCO^,  Na^COj,  KCl,  NaCI,  KC)S,  Na^PO,, 
the  sulphates  and  phosphates  of  calcium  and  magnesium,  ammonium 
nitrate,  and  sometime  urea.  It  contains  free  O,  N,  and  CO^  in  solution. 
It  is  richer  in  COj  than  blood.  On  exposure  to  the  air  the  CO3  escapes, 
when  CaCOj  and  Ca^CPOJ^  are  precipitated  on  the  teeth,  giving  rise  to 
lie  deposit  known  as  "tartar/* 

The  j^arotid  secret  Ion  is  clear  and  watery,  rich  in  ptyalin  and  poor 

mucus.  The  sublingual  is  richest  in  ptyalin^  is  strongly  alkaline^ 
\iscid,  and  traces  of  cholesterin  and  fat  have  been  found  in  it.  The 
iibmaxillaiy  is  more  alkaline  than  the  parotid^  is  rich  in  corpuscles  and 
sucus,  but  poor  in  ptyalin.     The  saliva  is  increased  by  the  stimulation  of 

lin  nen^es,  or  by  the  irritation  of  pepi>er,  alkalies,  and  food,  or  even 

thought  of  food.  The  sahva  of  irritation  is  alkaline,  and  contains 
or  no  ptyalin.  The  secretion  is  increased  in  quantity  by  pilocar- 
jiinc  and  cserine,  but  diminished  by  atropine.  In  the  sahva  of  the  new^- 
bom,  ontly  that  secreted  by  the  parotid  contains  ptyalin,  while  it  appears 
in  the  submaxillary  after  about  tw^o  months. 

Uses. — The  saliva  moistens  and  lubricates  the  food  and  cnn verts 
starch  and  glycogen  into  soluble  starch,  dextrin,  and  maltose.  One 
of  its  most  important  uses  is  to  liquefy  the  contents  of  the  stomach  by  its 
solvent  p^'iwer  upon  the  starchy  elements.  The  saliva  acts  best  in  a 
neutral  or  faintly  acid  solution,  if  the  acidit}^  be  due  to  organic  acids. 
It  docs  not  act  in  the  presence  of  free  HCl,  or  HCl  and  i>epsin.  Its 
activity  is  increased  by  &mall  quantities  of  NaCl,  Na^SO,  (0,4  per  cent,), 
NH^Cl,  COj.^  acetate  of  quinine,  strjThnine,  and  morphine.  Tea  has 
an  intense  inhibitor}'^  effect »  coffee  and  cocoa  verj'  little  effect.  The 
saliva  t>ecomes  more  alkaline  in  very  acid  conditions  of  the  gastric 
juice,  and  even  more  abundant,  giving  the  disease  known  as  pyrosis,  or 
water-brash.  The  saliva  acts  very  feebly  on  uncooketl  starch,  A 
peptone-forming  ferment  has  been  found  in  the  saliva. 

The  Gastric  Juice,— The  gastric  juice  is  a  thin,  transparent,  faintly 
yeUow,  acid  fluid,  of  sp.  gr.  looi  to  loio.  It  contains  from  0.5  to  i  per 
cent,  of  solids,  of  which  two- thirds  or  less  is  organic  matter.  The 
pyloric  end  of  the  stomach  secretes  the  alkaline  fluid,  or  succus  pylori- 
CUSf  m^hich  is  said  to  convert  starch  into  sugar,  and  to  digest  albumin 
when  acidified  with  HCl,  and  to  dissolve  gelatin.     The  thick,  slimy 

ttbn  of  the  stomach,  in  a  state  of  rest,  is  neutral  or  even  alkaline. 
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O,  N,  H,  and  CH^,    It  is  evident  that  these  gases  arc  the  result  of 
the  micmbial  fermentation  of  aliments. 

Action  of  the  Gastric  Juice.—The  gastric  juice  acts  especially 
upon  the  proteins.  It  modifies  them  by  transforming  them  success- 
ively into  syntonin,  or  acid  albumin,  then  into  propeptones  or  albu- 
moses,  and  partiaHy  into  peptones.  These  compounds  have  already  been 
described.  During  digestion  a  part  of  the  HCl  only  is  in  the  free  state^ 
while  a  part  of  it  is  in  combination  with  the  proteinSj  in  the  state  of  acid- 
albumin. 

The  phenomena  of  ^stric  digestion  are  the  liquefaction  of  the 
StMciiy  portions  of  the  food  and  the  hydrolysis  of  the  proteins  and 
breaking-up  of  these  mokxulcs  into  simpler  ones.  The  i>eptones  are 
richer  in  H  and  O  than  the  protein  bodies  from  which  they  were  pro- 
ceed, 

CLINICAL  EXAMINATION  OF  GASTRIC  CONTENTS, 

The  application  of  chemical  and  microscopic  methods  to  the  exami- 
ilioD  of  the  contents  of  the  stomach  has,  in  recent  times,  become 

important  aid  in  the  diagnosis  of  diseases  of  the  stomach.  The 
examination  of  the  stomach  and  its  contents,  for  diagnostic 
generally  includes  an  t*stimation  of  the  rapidity  of  absorp- 
tion, the  motility,  the  reaction,  and  acidity  of  the  gastric  juice;  the 
determination  of  the  kind  and  amount  of  acids  present;  an  examina- 
tion for  syntonin,  albumose^  and  peptone;  the  determination  of  the 
digestive  activit)%  and  a  microscopic  examination  of  the  stomach 
conlents. 

Test  Meals. — The  stomach  contents  for  examination  are  obtained 
as  follows:  The  usual  method  is  to  administer  to  the  patient,  on  an 
empty  stomachj  an  ordinary  dry  roll  and  a  definite  quantity — say, 
300  ex.,  or  about  §  of  a  pint — of  fluid,  either  simple  warm  water  or 
weak  tea  without  milk  or  sugar.  The  roll  should  be  of  a  tolerably 
unift^rm  weight  of  about  35  gm.,  or  540  grs.  Such  rolls  contain  about 
7  per  cent,  of  pfoteids,  0.5  per  cent,  of  fat,  0.4  per  cent,  of  sugar,  52.5 
fier  cent,  of  non- nitrogenous  matter,  and  about  1  per  cent,  of  ash. 

The  test-meal  may  consist  of  oatmeal  or  barley,  ciioked  in  water  and 
flavored  with  a  little  salt,  and  a  glass  of  water-  About  one  hour  after 
taking  the  lest  breakfast  the  stomach- tube  is  inserted,  and  that  which 
remains  in  the  stomach  is  drawn  ofT.  The  amount  obtained  should 
be  about  40  ex.,  or  ij  oz*  A  greater  variation  than  15  to  20  ex.  in 
either  direction  should  be  regarded  as  palhologicaL 

Method  of  Drawing  Out  the  Contents  of  the  Stomach  for 
Chemical  and   Microscopic  Examinations.^The  contents  of  the 
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gtomach  are  usually  drawn  off  alx^ut  one  hour  after  the  person  hm 
tuken  one  of  the  above  lest- breakfasts.  This  is  accomplished  by  th( 
slomach-tube,  or  by  causing  the  patient  lo  vomit.  The  first  of  thes< 
methods  is  always  to  be  preferred.  Place  the  patient  in  a  silting  posi 
lion,  dip  the  rounded  end  af  the  elastic  slamach-tube  m  warm  water,  hol< 
it  about  six  inches  from  its  extremity,  and,  as  the  patient  opens  his  mouth 
pass  it  lo  the  back  of  his  throat,  and  a*^k  him  to  swallow.  As  he  does  s0 
pass  the  tube  gently  but  rapidly  Into  the  esophagus,  and  onward  to  tl| 
stomach.  If  the  gastric  contents  do  not  run  out  as  soon  as  the  outer  d^ 
of  the  lulje  h  lowered,  cause  the  patient  to  compress  the  abdomen  aill 
cough  or  retch  I  when  it  wiU  cause  the  contents  to  run  out. 

Examination  of  Stomach  Contents.^Obscne  the  quantiq 
the  consistency,  coloCj  amount  of  mucus,  and  odor.  Note  any  fra| 
ments  of  former  meals,  if  such  be  present,  or  fragments  of  ga&tric  men 
bnine  or  bltx^d.  Fragments  of  membrane  should  invariably  be  a 
amined  under  the  microscopCj  for  evidences  of  organic  disease,  FilU 
the  stomach-fluid,  and  preserve  the  solid  portion  for  further  examini 
tion*  The  following  chemical  tests  should  be  carried  out  on  the  clei 
filtrate  as  soon  as  possible.  The  following  order  of  tests  wiU  be  the  ma 
convenient; 


J.  Reaction. 

3.  QuaHtative  test  for  free  HCl. 
^.  Estimation  of  total  acidity. 

4.  Estima^ilon  of  free  HCl,  coinhined 

HCl,  mtid  acid  salts. 

5.  Presence  of  lactic  acid. 

6.  Total  organic  acids. 

7.  Presence  of  pepsin  and  its  activity. 


8.  Presence  of  rcnnin  or  milk^rur- 

dling  ferment, 
g.  Presence  of  starch,  dextrin,  and 

matttjse. 

10.  Presence  of  proteids   and   their 

nalurt. 

11.  Microscopic   cxamlnadon  of  the 

sediment.  ^ 


Re  act  ion- —The   normal   reaction  of   gastric  juice   is   decided 
acid  J  and    the  acidity   is  due   to   HCl,   acid   sails   (HjNaPOJ,   ai 
organic  acids,  or  carbonic  acid.     Lactic  acid  is  usually  present  aft 
an  ordinar)^  meal,  but  after  the  oatmeal  test-breakfast  it  is  usual 
absent,  except   in  carcinoma-     There   are   two  sources  of  lactic  ac 
— one  from  fermentation  of  ihc  contents,  especially  liable  to  occi 
when  the  motor  function  of  the  stamach  is  deficient  and  the  food 
retaine<j  longer  than  usual;  the  other,  sarcolaclic  acid,  introduced  wi 
meats  and  other  articles  of  diet.      But)Tic  and  acetic  acids   due 
these  fermentations  are  occasionally  found   in  the  stomach  conteni 
The  reaction  of  the  fluid  is  determined  with  h'tmus  paper.     Unsij« 
paper  stained  with  other  colrjrfng  matters  may  be  used.     The  followii 
table  gives  the  coloring  matters  and  reagents  most  frequently  used 
the  exanritnation  of  gastric  fluid,  with  indications: 
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[ile»i*rcin,  5  Kin. ;  CKbe^HEar, 
J,  em,;  mlcoiiot  (9^5  per  cent,). 

iOD  C.C.] 


[PhtorpKlucin,  2  zm.  i  vanittin, 
1  gm. ;  JilcoboJ  (95  per  crnt^i 

t4to  ex.] 


\V»tef. 

Water. 

Alcohol  p  0.5 
per  c«iU 
Water,  i 

percesu 

Aicubol. 


Alcoliol. 


WITH 

Acins.. 


Cotofios. 
Blue. 

Deep  Red. 

Red. 

Cherry 
Red/ 

VeUow. 

Pink< 


Plpk, 


Couoa. 

WlTtt 

hAlkaliss. 


Pink  or 
Red. 

Wioe  Red, 


YeUov. 

Blue. 

Yellow, 

Vw^el- 

CQlortess. 


Ught 
Brown, 


Reacts 
wrm; 


All  acids. 
Free  acids 


All  acids. 

AU  acids. 

Fre«  tnhn- 
eral  acids. 
Free  adda 
and  add 

aalta, 
Frecmiti- 
eralacidfe. 


Free  min- 
eral adds. 


DmamsM 

OF  Sbnsi- 

T1V£NKS5^ 


Very  senai- 

live. 
HCJ^o,i  in 
looa.    Lac^ 

looo, 

1000, 

Very  seiisl- 

tive. 

m  lODO. 


HCI=o.<^ 
in  1000, 


In  loqo. 


^B     These  coloring  matters,  when  used  to  indicate  the  reaction  of  a 

^Hquidi  are  called  indicators. 

^P      Some  of  ihem^  as  liimus,  congu-red,  dimethyl-amido-aEobenzene,  and 

'  bcn^sopuipurinj  are  frequently  used  in  the  form  of  strips  of  fiUer-paper 
coloj-ed  wtih  the  dye  and  dried.  Litmus  paper  is  reddened  by  all  acids 
and  acid  salts.  Congo-paper  turns  blue  in  presence  of  all  free  acids, 
and  dimethyl-amido-azobenzene  is  reddened  by  free  mineral  acids  only. 
By  testing  the  filtered  gastric  contents  successively  with  papeT  colored 
with  these  three  colors^  we  nmy  determine  whether  it  be  acid,  with  litmus; 
whether  the  acidity  be  from  a  free  acid,  with  congo-red;  and  whether 
from  free  HCl,  with  axobenzene-paj)er.  When  the  a»ngo-pai>er  is  blued 
by  the  soluti*in,  showing  free  acid,  and  the  paper  is  warmed  gently  over  a 
flame,  the  blue  color  is  discharged  when  it  is  due  to  vclatile  organic  acids 
alone,  but  remains  blue  if  it  has  been  (jroduced  by  hydrocldoric  acid.  We 
may  confirm  the  presence  of  HCl,  if  it  is  thought  necessary,  by  the  solu- 
ion  of  Boas  or  that  of  Giinzburg.     These  solutions  are  used  as  follows: 

A  frw  drops  of  the  solution  are  spread  out  in  a  thin  layer  upon  a  poixelain  dish 

rslai},  which  h  then  gently  heated,  and  a  dmp  of  the  s^^lutioD  to  Ix?  tested  is  aUowed 

f  flow  arro*;^  it,  or  a  gla^s  rod  dipped  in  the  solution  is  drawn  across  the  plate.     If 

t  hydftjchloric  arid  be  present,  a  deep  scarlet-rrd  streak  is  developed.     If  the  add 

be  inoT  wemk,  no  change  h  ob^*n*ed  until  the  iwjution  evaporates  ctitirely  lo  dry- 

Dcii:  bknnng  on  the  dkh  will  cause  the  rvd  streak  to  appear  more  rapidly.    With 

tills  lest  It  k  unoecesBftfT  tvtn  to  filter  the  gastric  content^.     This  test  is  not  simu^ 


I 
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bk  accuracy  of  results,  and  a  small  consumption  of  time  are 
rerequLsites  of  a  good  clmical  method. 

*"pfer's  MethcMi.— Topfer's  method  of  estimating  free  and  combmed  HCl  is 

i  Uid  ei^y  enuugh  to  be  adopled  as  the  best  dimtcil  method.     It  requires 

t  separate  tlLrations,  practised   upon    three   portions   of    10  c.t.  each,  using 

E  different  indicators.     Three  portions  of  to  c.c.  each  are  accurately  measuticd 

I  three  small  beakers.     In  No.  1  phenolphthalein  k  used  as  an  indicator,  and 

id  reaction  gives  the  total  acidity,  as  described  above*     In  No.  2  dimethyl- 

hazobenzene  is  used  as  the  indicator,  which  reacts  only  wilh  free  HCL     In 

o,  3  aiizarin-sulphonate  of  sodium  is  used  as  the  indicator,  which  reacts  with  all 

c  elements  of  the  acidity  except  acid  albumins-     The  total  acidity  is  estimated 

I  No.  I,  the  free  HCl  in  No*  2;  the  combined  HCl  is  found  by  deducting  the 

Eiber  of  C.C.  used  in  No,  3  from  that  used  in  No.  i ;  and  the  organic  acids  and 

1  salts,  together,  are  found  by  deducting  the  simi  of  the  free  and  combined  HCl 

the  result  of  the  titration  of  No.  t. 

Owing  to  the  difficulty  of  an  inexperienced  eye,  in  delecting  the 

direct  skade  of  violet  in  No,  3,  Topfer  recommends  that  a  one  per 

at  solyiion  of  NojCO^  be  colored  with  the  sodium  alizarin -sulphonate 

lution,  and  this  used  for  comparison,  the  color  of  this  solution  being 

jtated  in  the  titration.     The  neutral  lint  is  more  nearly  obtained  in  a 

?  per  cent,  solution  of  sodium  phosphate. 

The  above  methods,  after  a  little  experience,  give  reliable  results 
clinical  purposes,  and  require  liule  skill  in  the  manipulation. 
Method  of  Giinzburg  and  Boas. — When  the  estimation  of  organic 
Is,  to  be  described  below,  rc<iuires  the  add i iron  of  three  or  more  ex. 
dccinormal  NaOH  solution  for  10  ex,  of  the  fluid,  it  will  be  best  to 
confirm  the  above  by  a  titralbn  with  the  resorcln  solution  of  Boas,  or  the 
phloroglucin  solution  of  Giinzburg* 

The  reagents  of  Boas  and  Giinzburg  give  the  same  indications,  and 
arc  used  in  the  same  way: 

To  10  cj:,  of  the  filtrate  horn  the  gastric  contents  add  —  NaOH  until  a  drop  of 

die  soiliition,  removed  on  the  end  of  a  glass  rod  and  evaporated  on  a  white  surface 
wilh  the  ntiorcin  solution^  fails  to  give  a  pink  color.  A  piece  of  white  "milk  glass  ** 
ftlHfpers  very  well  for  this  purpose.  A  few  drops  of  the  indicator  are  spread  ovei 
tfie  gi^s  and  dried  at  a  gentle  heat.  In  performing  the  titration,  a  drop  of  the 
solution  B  removed  on  a  glass  rod  and  drawn  across  the  plate  and  the  plate  warmed 
oiPtr  a  n^ed  danie^  Blowing  upon  the  streak  as  it  evaporates  hastens  the  ap- 
peaisnce  of  the  color. 

The  estimation  of  the  free  and  combined  acids  and  acid  salts 
may  be  made  by  Leo^s  process.  This  process  depends  upon  the  fact 
that  when  pure  precipitated  chalk,  CaCOa,  is  added  to  the  fluid,  the  free 
acids  and  acids  combined  with  albumin  are  neutralized  by  the  CaCO^. 
The  acidity  remaining  after  this  treatment  is  due  to  acid  salts,  and  they 
may  be  estimated  by  this  method.  By  shaking  out  the  organic  acids  with 
38 
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I  cxCiaeied  with  boiEng  distilled  watefp  filtered,  aad  Uie  £ltralc  titrated  with  deci- 
ooraial  HCL  The  titratioa  b  best  done  by  adding  a  mea^Lined  excess  of  the  — - 
HClf  the  solution  boiled  to  ejcpcl  the  carbon  dioxide^  and  the  excess  of  acid  dcier- 
mincd  with  -^  NaOH,  using  phenolphthaleln  as  Ihe  indicator.  The  difFercoce  be- 
tween the  nuiBber  of  c.c.  of  acid  and  alkali  tised  will  give  the  acidity  due  to  organic 
acMk  putsent  in  the  10  c.c.  of  liquid  taken.  The  organic  salts  of  sodjum  formed 
during  the  neutralizing  of  the  liquid  are  changed  by  &c  ignition  of  the  dry  te:$tdue 
into  sodium  carbonate.  The  amount  of  sodium  carbonate  present  in  the  r^due 
which  is  estimated  in  this  titration,  is  the  measure  of  the  amount  of  the  organic  salts 
fanned.  1  he  above  method  leaves  little  to  be  desinrd  as  to  accuracy  and  simplicity* 
Statement  of  the  Result  of  Titratioii& — It  is  now  a  custom  to  state  the  re- 

N 

suits  of  these  examinations  in  the  number  of  c.c.  of  — -  NaOH  required  to  ncu- 
Ifalize  loo  c,c  of  gastric  contents,  instead  of  calculating  the  amount  of  acid  found. 

K  The  Ferments— Pepsin^— The  test  for  pepsin  h  accomplished 
^Mrf  tl^e  addilion  of  coagulated  egg-albumin  to  the  filtered  gastric  con- 
^Btnts,  and  keeping  this  mixture  at  a  temperature  of  about  40°  C.  (104*^ 
^^F.)  for  a  definite  time,  and  noting  whether  the  albumin  is  corroded*  If 
^Hke  gastric  contents  have  been  found  by  the  above  tests  to  be  deficient 
"tti  HCl,  enough  should  be  added  10  bring  the  quantit)^  up  to  about  two 
parts  per  thousand.  In  the  absence  of  free  HCI,  pepsin  may  be  absent, 
but  there  may  be  pepsinogen,  which  only  needs  the  addition  of  HCl  to 
de%'ebp  the  pepsin.  It  is  best  to  make  two  tests  in  such  cases — one 
of  the  original  fluid,  and  another  after  adding  two  drops  of  diluted  HCl 
(U-  S,  P,),  Coagubted  albumin  discs,  made  by  cutting  the  white  of 
boiled  egg^  in  thin  flakes  of  uniform  thickness  and  punching  them  out 
by  means  of  a  cork-borer  or  gbss  tube,  and  preserving  in  glycerin,  arc 
used  for  this  purpose.  The  presence  of  renimi  is  best  shoT\ii  by  care- 
fully neutralizing  5  c.c.  of  the  filtered  gastric  contents,  and  mixing 
this  solution  with  an  equal  volume  of  carefully  neutralized  milk.  If 
rennin  be  present,  the  milk  is  coagulated  in  fifteen  minutes. 

Digestion  of  Starch-^ In  normal  digestion  there  is  no  free  acidity 
after  the  usual  test- meal  for  twenty  to  forty  minutes.  The  salivary 
diastase  continues  its  activity  during  this  time,  converting  the  starch 
into  dextrin  and  maltose.  At  the  end  of  one  hour  the  greater  part  of 
the  slajch  should  be  converted,  and  iodine  should  give  no  blue  color, 
A  red  dish -violet  color  of  a  watery  solution  of  iodine  shows  the  presence 
of  er\throdextrin.  A  blue  or  purple  reaction  with  iodine,  in  a  fluid  that 
has  liccn  in  the  stomach  one  hour,  indicates  faulty  amylolysis,  due  either 
to  decreased  diastase  in  the  saliva,  decreased  secretion  of  saliva,  or 
excessive  acidity  of  gastric  contents. 

Digestion  of  Proteins, — For  a  description  of  the  changes  pro- 
duced in  proteins  during  gastric  digestion,  die  student  is  referred  to 
part  iVj  under  Albumoges  and  Peptones, 
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The  following  tests  may  be  employed  to  show  the  progress  of  pi 
teid  digestion: 

AUbumin  and  globulin  are  precipitated  by  boiling  the  slighUy 
acidulated  solmion. 

Acid-albuminj  or  syntonini  is  precipitated  by  carefully  neutralizing 
the  solution  with  decinormal  sodium  hydroxide.  It  is  be^t  to  use 
phenolphlhalein  to  show  the  neutrality,  as  the  solution  must  be  exactly 
neutral  to  precipitate  the  acid-albumin. 

Primary  albtimoses  may  be  precipitated  from  the  solution,  from 
which  the  native  proteins  and  acid-albumin  have  been  separated,  as 
abo\'ej  by  saturating  the  solution  with  MgSO^  or  NaCL 

Secondary  albtimose  (deutero-albumosc)  may  be  precipitated 
from  the  filtrate  from  the  primary  albumoses,  as  above,  by  saturation 
with  crystals  of  (NH^)jSO^. 

To  test  for  peptones,,  saturate  a  portion  of  the  original  fluid  witJi 
(NHJjSOj,  heat  nearly  to  boiling,  and  filter.  To  the  dear  filinitc,  when 
cold,  add  phosphotungslic  actd,  which  precipitates  peptone;  or  apply 
the  biuret  reaction.  Add  to  fluid  an  excess  of  NaOH  or  KOH  and 
two  drops  of  CUSO4  solution.  A  rose-colored  solution  indica 
peptone. 

The  rapidity  of  absorption  from  the  stomach  is  tested  by  gi 
the  person  a  capsule  containing  0*1  gm*  (3  grs.)  of  jK>la&sium  iodide, 
then  testing  the  ,Siiliva  at  the  end  of  each  minute  for  ihe  i*xiine  reaction. 
Witii  a  normal  stomach,  iodine  appears  in  the  saliva  ten  to  ^teea 
minutes  after  giving  the  capsule. 


and 

catcs^ 

ivin^H 

tion.  ^ 
Aiteea     , 
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The  iodine  is  delected  in  the  saliva  £ts  follows:  Strips  of  fiJter-paper  are 
in  starch -mucilage  and  dried*  One  of  these  pajjcrs  is  pressed  upon  the  loi 
removed,  and  then  touched  with  a  gUss  rod  previously  dippc<l  in  some  vellow 
(nitrous)  acid*  The  appearance  of  a  blue  spot  shows  the  presence  of  iodine. 
Some  use  a  solution  of  common  salt  of  known  strength,  drawing  out  what  is  Icfl  ia 
the  stomach  after  ten  minutes,  and  estimating  the  suit  left  in  the  stonfiach.  When 
the  capsule  is  admini.stered  to  an  empty  stomach,  a  delay  in  the  appeanLncie  of  tbe 
iodine  reaction  in  the  saliva  to  twenty  minutes,  or  longer,  indicates  some  sciioos 
organic  disc^kse  of  the  gastric  mucosa. 

The  motility  or  motor  fimction  of  the  stomach  is  a  matter  d 
importance,  and  its  determination  is  sometimes  required.  When  tfec 
motility  is  normal  or  increased,  the  food,  even  if  it  h  not  digested^  ^ 
passed  on  into  the  duodenum  before  any  disturbance  arises  from  lack 
of  digestion.  The  motor  function  may  in  this  way  compensait  fnf 
lack  of  digestive  power  in  the  stomach.  The  lack  of  proper  mM 
power,  on  the  other  hand,  may  produce  dyspeptic  symptoms  wli^ 
the  digestive  p^iwer  is  normal,  because  of  the  long  delay  of  the  food  in  ^ 
the  stomach,  with  secondary  fermentations. 


onaukL  suMiKAriDN  or 


eOKiEns. 


i  1^  m&GStw  of  tfe 
{i}  n.)  of  ndofbrmp  whidi 
^  «l  «D&BB  iwned,  whkii 
L  feom  §6j-iie  «»  one  bmniied 

EmM-s  ttM  Mt  B  AHidM^  dbeiDnt  im  itf  tfe 
Salcil  k  ttarif  unolabfe  B  Ihe  0M»K  JDKi^  mad  ifaes  HC 
it  k  deopoBiKBeiL    It  docs  mt  <fct<ja4wm  n&iA  H 
splits  1^  iDi0  pbenol  «]id  slcyic  ftciL    The  latter 
tlic  mine  &ttni  sal^  Id  icvuiif-five  whihiIipt  aJkr 
CvfiiuiE.     Or,  «c  ma  J  tiote  bcnr  ioof  tlie  SBfieyfe 
faflheiiiiiK.     Lftbeicadwa  shows  tlte^dEt  la  tie 
umj  be  icg^nkd  is  proof  <if  AtAJml  Bsili^  of 
ca^ifetccted  ift  die  vioc  by  wcftiBK  a  pieced 
dftipfMi^  oo  the  »<x5tcned  spot  m  d3«pp  of  a  ies  pa- 
The  e^se  ctf  iJk  iltop  wOt  a»ttii«  a  vieiEt  CMiftv  a  piiaene  ^iv 
bdcsc'  papezs  buj* be uned  add  pn.9i.nnmf  it  occif iMiy^  as leni 

Mtaifgw  poms  too  cx^  (j|  M2£.  >  id  pwe  o6»e  efl  tDt» 
aiid  lenaowes  villi  tbr  stomtcJi-CiiW  wixat  n^BSM  aft 
modi  baa  been  passed  iBto  tfae  diMwh^naiL.    Thoc  a 
ol  tcsttng  the  gpstric  peristalsis,    Hmf  depend  m§ 
dens  lapoa  an  intiaga^tnt  mbbcr  bag  attafhrd  id  a  ■■aaffroigi  tm 
apparatus. 

ExammatioQ  of  the  Sediment  iir  SoEd  Paiticies 
from  the  Stomach. — The  quantity^  chaimcter.  axtd  appeaiance  of 
the  insoluble  portions  of  gastric  contents  are  important-  We  mav  m 
this  way  find  partkles  of  food  eaten  twelve  to  tireotT-four  botifs  bejote, 
sbowii^  a  piobable  dilatation  of  the  stoitLidi  or  steinosis  of  the  prb^ 
nis.  Excess  of  the  starchy  elements  of  the  food  iodk^tcs  mn  csccss  of 
^stric  acidity,  or  a  deficiency  in  the  activity  of  the  saliva,  wlule  an 
absence  of  bread  or  starch  and  the  presence  of  proteid  articJes  of  diet 
indicate  deficient  acid.  These  indications  initl,  of  oour^  be  more 
marked  after  an  ordinary  meal  than  after  the  usual  test ^ meal .  An 
examination  of  vomited  matters  will  often  re\*eal  the  above  indications. 
The  presence  of  mucus,  in  excessive  amount,  will  be  evident  to  the  eye 
by  iu  stringy,  tenacious  character.  We  may  demonstrate  its  presence, 
chemically,  by  shaking  the  sediment  with  a  weak  solution  of  NaOH,  or 
CaOjHj,  filtering,  and  acidifying  the  filtrate  with  acetic  acid,  when  the 
mucus  will  be  precipitated.  Excess  of  mucus  is  found  in  gastritis  and 
gastric  catarrh,  Biliar>^  coloring  matters  are  usually  evident  to  the 
naked  eye,  or  they  may  be  demonstrated  by  Gmelin's  test  (see  chapter  on 
Urine),  or  with  the  s[ieclroscope.  When  present  in  considerable  quantity, 
blood  may  be  detected  with  the  unaided  eye.  When  in  small  cjuantity, 
we  may  use  the  spectroscope  or  the  guaiac  and  turpentine  te^i,  men- 
tioned under  Urine.  The  microscope^  however,  will  usually  render  lhei« 
tests  uniiecessar\\ 

Microscopic  examinatloa  fJiould  always  be  made  cif  tbo 
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from  the  stomach.  Besides  fragm^nis  of  undigested  food,  we  maj  recognize  the 
staining  of  these  [>articleii  by  bile,  the  presence  of  yeast -celk,  blood-eorpustlc^  siirdn^ 
and  bacteria  of  Viirious  kinds,  it  is  best  to  first  examiqe  the  sii^ineilt  unstained,  mid 
then  stained  with  Bismarck  brown  nr  Lngol's  ^btion,  and  then  with  mcthyl^bhie, 
which  last  color  will  reve^  tht  bacteria  to  the  best  advaouge.  Baetcria  of  various 
kinds  arc  always  to  be  found  in  the  stomach,  and  aje  only  indicative  of  disease  wbco 
present  in  very  large  numbers.  An  unusually  long  non-oiolile  biicillus,  first  recog- 
nised by  Opplcrj  is  found  in  mo&t  eases  of  gasLric  carcinoma.  It  has  tlie  jjower  of 
rapidly  changing  sugars  to  lactic  acid,  and  in  tarcinotna  of  the  stomach  the  number 
of  bacilli  increases  with  this  acid.  Its  aliscnce  in  gastnc  disciise  is  a  very  ^tror^ 
argument  against  a  diagncisis  of  cancer,  Ejteessive  b^terial  fermentations  in  the 
stomach  u^naUy  gtvc  rise  to  dyspeptic  symptoms,  such  as  distent  ion,  pain^  delayed 
or  diliicuh  digestion^  disturbeil  intestinal  fx'ristalsis,  toxic  absorption,  etc* 

THE  PANCREATIC  FLUID.  f 

The  pancreatic  fluid  is  the  secretion  of  the  pancreas  poured  mi 
intt>  the  dut>denuni  at  the  junction  of  the  niiddle  and  lower  thirds  of 
the  duodenum,  through  the  pancreatic  duct.  In  some  lower  atiinmls 
there  are  two  ducts.  The  ntbbit,  dog,  and  cat  each  have  two  ducts. 
The  pancreatic  juice  is  a  transparent,  colorless,  odorless,  saltish,  alka- 
line fluid,  edervescing  with  the  acids.  The  analysis  of  human  pan* 
creatic  juice  shows  it  to  be  of  variable  composition.  The  solids 
constitute  13  to  14  [>er  cent,  of  solids,  9  to  10  per  cent,  of  proteids^aad^ 
0.3  to  0.4  jjer  cent,  of  inorganic  salts.     There  are  few  cells,  if  any^  m^^ 


suspension,  and  it  is,  therefore,  clear.  The  pancreatic  fluid  has  at 
least  three  ferments,  or  ;£ymogens  that  furnish  at  least  three  ferments— 
the  diastasic  ferment,  amylopsin,  or  amylase,  allied  to,  if  not  identi- 
cal with,  ptyalin;  trypsin  (tryptasc),  a  peptone-forming  fermeiit; 
lipase,  a  saponifying  ferment;  and  renmn,  or  curdling  enisyme* 

The  secretion  of  the  pancreatic  juice  begins  as  s*^in  as  food  is  taken,  Increased 
for  two  hours,  then  fa^lls,  and  a  second  rise  takes  place  in  from  five  to  mx  hours*  whrii 
it  falls  again  until  about  the  eighteenth  hour,  If  no  more  food  be  taken.  The  mc^ 
marked  characteristic  of  the  pancreatic  secretion  is  that  it  acts  in  neutral  or  alltaJine 
solutions  better  than  in  acid  solutions.  A  slight  excess  of  HCl  destroys  it  entlrrlir. 
Its  m<3St  marked  action  is  upon  proteids  and  starches,  converting  the  former  into 
peptone,  with  certain  side-products,  and  the  latter  into  maltose^  which  is  aficrnanJ 
rapidly  changed  into  dextrose.  Pancreatic  digestion  differs  from  peptic  digpstiooin 
certain  well-marked  feature^^  which  are  shown  below 
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AirnvE  Pcrsis  (Actn  Mcntm). 
Fibrin  swells  before  dissohing. 
Assisted  by  HCL 
Destroyed  by  NajCOj. 
Forms  syntonin,  albumose,  and 

peptones. 

Acts  best  on  albumin. 


P^sfcRXATiM  (ALKAtnre  Mediitm). 
Fibrin  corroded  away. 

Assisted  bv  Na^CO^' 

Destroyed  bv  HCL 

Forms  alkali -albumin,  anlipeptone^ 
hemi  peptone,  leucin,  tynjsin,  hy- 
poxanthin,  and  aspartic  acid. 

Acts  best  on  fibrin. 


The  pancreatic  fluid  is  the  chief  digestive  fluid  concerned  in  the  cotnplrte 
digestion  of  starch.  It  contains  the  ferment  amylopsiJi,  or  pancreatic  diastase^ 
which  readily  converts  starch  into  maltose,  and  finally  into  dextrose.     The  extiactui 
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tfie  pajscreatk  gland  is  exceedingly  active  in  its  effect  upon  cooked  starch*  This 
secreticin  in  the  new-born  is  destitute  of  amylopdn,  which  makes  its  first  appearance 
At  ahtmt  the  end  of  the  second  month.  Previous  to  this  time,  infants  can  not  usually 
digiest  starch.  Some  inXanis,  however,  seem  to  be  endowed  with  the  property  of 
digesting  starch,  and  it  wouid  scem^  therefore,  that  they  must  secrete  some  diastase, 
KiSacT  in  the  saEva  or  the  pancreatic  fluid.  The  miJkHrurdUiig  pmperty  of  the 
pancreatic  fixiid  is  less  marked  than  in  Ihe  case  of  the  gastric  fluid*  Of' the  fat- 
splitline  ferment  little  is  known,  except  that  a  special  ferment  exists  in  the  pancreatic 
jnicc  which  has  this  property.  It  decomposes  lecithin  into  neyrin,  and  saponifies 
fats  to  a  slight  extenti  and,  with  the  assistance  of  the  bile,  converts  ihem  Into  soaps, 
in  which  form  they  arc  absorbed.  . 

THE  SUCCUS  EITTERICUS 
*  is  the  digestive  fluid  secreted  by  the  glands  of  the  intestinal  mucous 
membrane,  principally  by  Lieberkiihn^s  and  Bninner's  glands.  The 
secretion  from  Bmnner's  glands  contains  proteins,  mucin,  and  fer- 
ments* It  dissolves  pniteids,  slowly  changes  starch  into  sugar, 
changes  maltose  into  dextrose,  lactose  into  dextrose  and  galactose,  and 
inverts  cine-sugar.  It  is  a  light-yellow,  opalescent,  strongly  alkaline 
fluids  effer\'esdng  with  dilute  HCl 

The  succtis  entericus  is  most  active  In  the  dog.  lis  diastasic  power 
is  less  than  that  of  the  saliva  or  the  pancrmlic  fluid,  and  when  it  acts 
upon  starch  it  forms  dextrose  instead  of  maltose*  The  large  inlesline 
Gdntains  none  of  this  fermetit.  . 

THE  BILE. 
The  bile  is  a  viscid,  transparent,  golden-yellow  colored  liquid 
secreted  by  the  liver*  It  has  a  bitter  taste  and  an  alkaline  reaction. 
Specific  gravity,  1009  to  1020*  Its  com^josition  is  highly  complex  and 
t^ariable*  When  first  secreted  it  is  thin,  and  contains  about  from  two 
to  three  per  cenL  of  sohd  matter*  When  stored  in  the  gall-bladder  for 
some  lime  it  become  viscid  from  the  absoq>tion  of  part  of  the  water  and 
the  addition  of  mucoid*  The  viscid  bile  found  in  the  gall-bladder 
contains  about  twenty-two  per  cent,  of  solid  matter*  The  freshly 
seo^ted  bile  has  about  the  follow ing  composition: 

Composition  of  HtmAK  BtLE.  ' 

Pit  ClXT. 

Water, ,,, 91. 6S 

Muoi&and  pigmerit,..^.-. 0,139 

Glyeodiolate  of  sodium, .,  3.05 

Tatijocholate  of  sodium, o.Bj 

The  amount  of  bile  secreted  in  twenty -four  hours  is  variously  stated  at  fitsm 
tOOO  to  1700  gm.,  or  from  twenty-three  to  forty-$even  ounces.  The  btle  is  prepared 
j  |a  the  liver  from  the  Urge  ajnount  of  blood  received  by  it*  More  is  secreted  during 
>  digiestion  than  during  fastings  and  the  percentage  of  solids  increases  during 
difiettjon.  In  abstloeace  from  food,  or  with  a  fatty  diet,  little  is  secreted;  more  is 
iecreted  with  bread  and  rite^  still  more  with  meat,  hut  most  with  a  mijfed  diet. 
The  bile  is  stored  in  the  gall-bladder  when  not  needed,  and  poured  into  the  duo^ 


Soaps,  .„.-*.* , , .  _  1.39 

Fat,.,...***,-.- .-.0*73 

Lecithin,. ,  --._.. 0.53 

Cbolesterin,  -...._....**,*.  0*35 
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denum  near  the  point  of  eJcit  a(  the  pancreatic  duct.     On  standing,  It  becomes 
(sf  ft  bfowu^yclliJW  roller  a.nd  iriulily  undiT^ncs  dccumpusition. 

The  Lxin^tiiui!T3U  of  the  bile  arc  described  elsewhcrfc.  For  u  desoiptioa  of 
biliary  calculi,  see  page  5SS. 

The  funttion^  of  the  bUe  nrvt 

Fif^t.  To  a^ist  in  emuLsifying  fats,  and^  in  the  presence  ol  the  pancn 
juice,  to  assist  in  satxinifying  them. 

Seconil.  It  readily  wets  the  mucous  membrane,  and  it  assists  in  the  forma  Lion 
of  soaps^ 

Third,  Checks  putrid  fcrnicninlmn  in  the  intestines. 

Fourth.  It  precipitated  the  pepsin^  syntonjn,  albumoscs^  and  peptones  from  the 
chyme,  and  stimulate  th(?  pnxluction  of  intestinal  juice,  and  Intestinal  pcrbtalsis. 

Fifth,  It  contains  a  diastasic  ferment  which  converts  starch  into  sugar. 

Suth.  The  bUe  stimulates  the  contractions  in  the  muscular  coal  of  the  inie^tints 
and  villi,  increa^j  thi-  moL^turc  in  the  interline,  acts  as  a  lubricant,  and  lavon 
the  i^iaiisage  of  the  contents  of  the  small  intestine, 

A  conjaderable  jXJrtion  of  the  bile  is  re -absorbed,  a  pKirl  of  the  coloring  matter, 
at  least,  beinjf  excreted  by  the  kidneys,  while  a  part  p^asses  out  with  the  feces.  The 
bilian'  at  ids  are  mostly  absorbed  fjom  the  ileum  and  jejunum,  only  a  irate  bein| 
found  in  tlie  feces. 

ToiJc  Effects. — Obstruction  tn  the  discharge  of  the  bile  leads  to  its  absorptidt 
by  the  lymphatics,  dving  nse  to  cholemia*  or  absorptive  jaundice.  The  coloring 
matter  passes  into  the  circulation  and  stains  the  tissues  yelloTir.  The  effect  of  the 
absorption  of  bile  h  to  produce  a  slow  pulse  and  respiration^  low  tempettiture, 
irritntton  of  the  skin,  la^isttudc,  headache,  and  coma. 


THE  FECES.  ^ 

Chemical  Composition  of  Feces.— An  adult,  upon  a  mketi 
diet,  passes  alxujt  120  to  iSo  gm.  (^ir  4  to  6  ozs.)  of  moist  excremem 
In  twenty-four  hours.  A  \'egetable  diet  increases  the  amount.  Il 
much  indigestible  food  be  taken,  ft  may  be  as  much  as  500  gm.  Th< 
consistency  depends  upon  the  amounl  of  water  present,  which  is  usual!) 
about  fmm  68  to  80  per  cent.  A  pure  flesh  dtet  gives  a  comparative!} 
dry  fece?i,  while  substances  rich  in  sugar  }'ield  feces  with  a  comparalivel) 
large  amount  of  water.  The  quantity  of  water  taken  has  no  influencf 
ujKui  that  found  in  the  fcce*;.  The  water  in  the  feces  seems  to  be  ir 
direct  nitio  with  the  energ\'  of  the  peristalsis. 

Color. — The  color  of  normal  stools  of  adults  varies  with  the  fcxK 
taken,  or  is  colored  by  certain  foreign  substances.  Milk  stools  in  !d<:j11 
infants  and  adults  are  lemon  yellow  in  color.  Spinach,  cabbage,  calomel 
and  certain  bacteria  give  green  stools.  The  green  color  of  infants'  fecei 
is  believed  to  be  due  to  the  action  of  butyric  and  lactic  acids  ujjon  th^ 
'  liliary  coloring  matters.  In  adults  green  passages  may  be  due  to  a  green 
microscopic  plant,  or  chlorococcus.  Rhubarb,  senna,  bgw^ood. 
saffron,  fucbsin^  and  blood  may  give  re(J  stools.  Santonin  gives  blood^ 
red  or  yellow -colored  stools.  Normal  stools  are  bmwn  and  contain  nc 
unchanged  bile.     Meconium  contains  unchanged  bile. 

Iron,  bismuth  salts,  charcoal^  and  blood  coming  from  the  upper  part 
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of  the  gastro-fnlestiiial  canal  Impart  a  bbck  color.  The  normal  coloring 
niatier  of  the  feces  is  derived  from  the  bile,  and  when  ihis  fluid  h  pre- 
%^nled  from  discharging  into  the  duodenum  the  feces  become  %*cry  light 
or  ciay  colored- 
Blood  gives  red  or  very  dark  colored  stools  according  as  it  comes 
from  the  lower  or  upper  part  of  the  intestine. 

WTien  blood,  mucus,  or  pus  is  well  mixed  with  the  feces,  its  origin 
is  high  up  in  the  intestine;  when  not  mixed  w^ith  the  feces  it  is  added  in 
the  lower  part  of  the  colon  or  in  the  rectum. 

Odor. — The  odor  uf  the  feces  may  be  the  well  known,  normal ^  fecal 
odor,  or  it  may  be  putrid,  grassy,  sour,  or  pungent.  The  various  ab- 
normal odors  have  not  been  classified,  and  little  is  known  of  their  signif- 
icance* The  disagreeable  odor  of  normal  feces  is  believed  to  be  due  to 
skatol,  stercobilin,  H^,  and  amins. 

Iteaction. — The  reaction  of  the  fec^  to  litmus-paper  may  be  acid, 
neutral,  or  alkaline.  The  normal  reaction  of  infants*  stools  is  acid.  An 
alkaline  reaction  is  abnormal.  It  may  become  alkaline  in  digestive 
disturbances  with  proteid  fexmentation,  in  cholera  infantum^  and  colitis. 

In  older  children  and  in  adults  the  reaction  may  be  either  acid  or 
alkaline.  The  acidity  may  be  determined  by  rubbing  up  20  to  30 
gm.  of  the  feces  wnlh  hot  distilled  water,  making  the  %^olume  up  to  100  ex, 
filtering  off  an  aliquot  portion, — say,  50  cx.f — and  titrating  the  filtrate 
with  —  NaOH,  using  phenolphthalein  as  the  indicator.  Blanbcrg 
found  the  acidity  of  the  stools  of  breast-fed  infants  to  be  25  ex.  of  — 
NaOH  for  100  gm.  of  feces,  and  11 -33  ex.  for  100  gm,  of  feces  of  babies 
fed  on  cows*  milk. 

Composition. — The  feces  contain:  First.  Alimentary  substances 
which  are  assimilable,  but  which  have  been  taken  in  excess,  as  starch, 
fatty  matters  in  notable  quantities,  and  a  small  proportion  of  Don- 
^sim  liable  proteids. 

Second,  Indigestible  substances,  such  as  vegetable  fiber ^  cellulose, 
chlorophyll,  gums,  pectic  substances,  resins,  elastic  tissue,  epidermic 
tissue,  tendons,  diverse  coloring  matters,  nuclein,  chitin,  insoluble 
salts  (silicates,  insoluble  sulphates,  ammonium -magnesium  phosphate, 
and  calcium  phosphate). 

Third,  P*roducts  coming  from  the  digestive  tube  itself;  Intestinal 
mucus,  epithelial  cells,  biliary  acids  (in  traces),  cholesterin,  and  bacteria. 

Fourth.  Substances  which  failed  of  absorption,  as  emulsified  fats, 
the  free  fatty  acids,  casein,  paracasein,  cellulose,  starch,  meat  fibers,  etc. 

Casein  and  paracasein  frequently  occur  in  the  stools  of  children 
and  in  adults  taking  milk.  To  distinguish  casein  from  fatty  acids  it  is 
only  necessary  to  treat  the  suspected  lumps  with  ether,  or  petroleum 
ether,  when  the  latter  dissolve,  while  the  former  do  not. 
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Leiner's  test  may  also  be  used  as  follows:  A  small  portion  of  the 
feces  is  spread  out  on  a  slide,  dried  and  fixed  by  passing  the  slide  three 
or  four  times  through  ihe  Bunsen  burner  Same.  It  is  then  staiaed 
with  a  mixture  of  equal  volumes  of  0,75  per  cent,  alcoholic  soluiitiiB 
of  add  fuchsin  and  of  methyl-green,  diluted  with  ten  volumes  of  m-atcf. 
After  staining  fifteen  minutes,  wash  weU  by  immersion  for  an  hour  in 
distilled  water.  Casein  and  paracasein  are  stained  blue  or  violet 
The  fatty  acids  do  not  stain  at  alL 

Fal  occui^  in  feces  in  the  form  of  neutral  fat  in  round,  highly  re- 
fracting drops,  also  n^le-shaped  crystals  of  fattj^  acids,  or  of  soaps  of 
the  higher  fatty  acids  with  Cidcium  and  magnesium-  M 

Cholesterin  plates  are  often  found.     Starch  grains  may  be  mistakai fl 
fur  fat  droplets,  but  they  are  easily  differentiated  with  k>dine,  with 
which  they  give  a  blue  color. 

Neutral  fats  stain  red  or  bluish-brown  with  tincture  of  alkaneL 
Osmic  acid  stains  both  free  fat  and  fatty  acids  black.  The  amount  of 
fat  in  stools  varies  greatly  in  different  individuals.  The  quantitative 
estimation  therefore  has  HtUe  practical  value. 

The  fatty  acid  cn'stals  melt  when  heated,  and  are  soluble  in  cold 
alcohol  or  in  a  weak  solution  (five  i>er  cent.)  of  sodium  hydroxide,  while  M 
the  neutral  fats  are  insoluble  in  both.     Both  the  neutral  fats  and  fatty  m 
acid  cr>*slals  are  soluble  in  ether  and  chloroform. 

The  soaps  of  calcium  and  magnesium  occur  as  amorphous  masses 
and  as  crystals.     They  are  insoluble  in  hot  water,  alcohol,  and  ether. 
The  insolubility  in  alcohol  and  ether  sen-e  to  distinguish  them  from  m 
the  fatty  adds  and  from  neutral  fats.     Neither  osmic  acid  nor  tincture  I 
of  alkanet  stains  them.     When  fat  b  present  in  abnormal  quantities  it 
may  be  recognized  as  whitish  ot  grayish  masses,  vannng  from  the  sixc 
of  a  pea  to  that  of  a  lima  bean.     These  masses  may  be  mistaken  fur 
casein.     At  times  the  fat  may  not  be  evenly  mixed  i^'ith  the  feces,  but 
covering  the  entire  mass  like  an  envelope.     This  abnormally  large 
amount  of  izt—steaiorrheu — is  usually  associated  with  diseases  of  tbe 
intestines  affecting  the  absorptive  power,  as  atrophy  or  amyloKl  d^ 
generation  of  the  mucosa,  or  in  diseases  of  the  glands  or  vessels  of  tk 
mesentery,   in   tubercular   peritonitis,   tuberculosis  of   the  mesentm* 
catarrh  of  the  small  intestine,  and  in  some  cases  of  pancreatic  dbeist 
Mucus  may  be  seen  in  catarrhal  conditions  of  the  colon  and  rectum, 
Occasionally  mas^s  are  seen,  drawn  out  into  ribbons,  and  arc  often 
passed  with  or  without  fecal  matter,  and  with  considerable  pain  luid 
tenesmus.     This  condition  is  sometimes  known  as  entcrith  memhrafHi^*^ 
or  coika  mitcasa^  and  is  due  to  a  catarrh  of  the  colon  or  rectum,  or  it  mij 
be  a  secret i&n  neurosis. 

Fifth.  Dccomjjosition  products  due  to  microbic  action,  as  the  fret 
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fatty  acids  from  acetic  up  to  palmitic,  this  last  quite  abundant ;  also 
bytyriCj  isobutyrir,  and  kcUc  acids,  phenol,  cresol,  indole  skatol,  sier- 
corin«  excretm,  ammonium  carbonate  and  sulphide,  amins,  am  ids, 
ptomaine^  leudnj  t}T0sin,  and  phenylprop ionic,  phenylactic,  and 
paxmhydrox}'lphenylaclic  acids.  Some  of  these  bodies,  especially  the 
ptxymaines,  acids,  phenols,  and  coloring  matters,  are  partly  absorbed, 
die  pheEiols  passing  into  the  urine  in  combination  witli  sulphuric  acid, 
as  eth^eal  sulphates. 

Sixth.  Pigments.  The  pip^ments  found  are  stercobfh'n,  hematin^ 
biliary  pigments,  hydrobiUrubin,  and  fixxi 'Coloring  matters. 

The  following  figures  give  the  analysis  of  1000  parts  of  fresh  ex- 
erancnt: 

AtjULT  Mah.  Infant. 

W*tcr,-,.-,». - -715  SSJ-i 

FiJEed  solids,, . ,,-.,.-....* ... * -,. 267  14S-7 

TolJiJ  organic  mailer,*..... .**. .......  ..^^  .30S-75  ^S?'^ 

MineraJ  matter,,., ...,.,, 10.95  '3**^ 

Alimentaiy  residue, .,.,...*_... , 8j 

Crystals. — Besides  the  cr>^stals  of  fatty  acids  and  5e)aps,  above 
lefcrred  to,  cn-stals  of  a mmonio- magnesium  phosphate  are  cjften  found. 
Thci'  are  similar  in  form  tu  those  fuund  in  urine,  and  are  readily  soluble 

(in  dilute  acetic  acid, 
Charcot-Leyden  crystals  occasionally  occur  In  normal  stools. 
They  arc  colorless,  transparent,  elongated  octahedra.  They  are  quite 
ronsUntly  associated  with  the  presence  of  inle.stinal  worms.  Their 
jjiesence  in  the  feces  should  excite  suspicif>n  of  the  presence  of  these 
[uirasites.  Their  persistence  after  treiUment  for  lafjeworm  is  strong 
evidence  that  it  has  not  been  entirely  expelled* 

Epithelml  cells  when  present  in  large  numbers  indicate  an  inflam- 

mMory  condition  of  the  mucosal  of  some  part  of  the  intestine.     WTien 

with  bile,  they  are  fmm  the  small  intestine.     They  are  usually 

leti  with  an  increase  of  mucus^  whatever  be  their  origin.     Cancer 

fefi«  may  be  found  in  carcinoma  of  the  rectum. 

Blood-cells  will  only  be  found  when  the  seat  of  the  hemorrhage  is 

In  the  descending  colon,  rectum^  or  anal  orifice.     If  the  hemorrhage  is 

higher  up  the  coloring  matter  of  the  blood  is  changed  to  hematin  or 

limatoTdin.    The  spectroscopic  examination  or  the  lest  for  ironi  de- 

^m    «mbcd  under  bkiod,  may  be  used. 

H         Mucus  particles,  appearing  as  small,  hyaline  bodies,  are  indicative 

^Ljlimurh  of  the  intestine.     In  I  his  case  ihey  are  often  bile  stained.     If 

^^PpHwi*  they  probably  originate  in  the  lower  part  of  the  small  or  upi^er 

pftfl  of  the  Large  intestint-.     When  mucus  comes  from  «hc  lower  i»art 

111  the  cobn  tl  is  not  well  mixt^J  with  the  feces.     When  the  mucous 

are  stained  yellow  with  bile,  it  is  an  indication  of  the  exbtencc 


r's« 


ICEDICAI.  CHEMISTRY. 


I 


of  disease  of  the  soiall  tntestme,    Tkis  is  especially  true  when  ihtf 
are  accompanied  by  large  numbers  of  cjlIndricaJ  epiiheliaJ  cells. 

Leucocytes,— The  presence  of  a  large  number  of  leucoc>tes  indi- 
catiK  a  severe  enteritis,  or  an  ulcerative  process  in  the  jnt^tine. 

Large  amounts  of  pus  are  found  in  dysenten^  and  the  rupture  of 
abscises  into  the  intestine,  ■ 

Biliaiy   calculi,    enteroliths,  and    other   solid    bodies  may   be  ■ 
occasionaliy  found  by  carefully  washing  the  feces. 

Biliarj-  caJculi  may  vary  in  size  from  that  of  a  mustard  seefl  to  that 
of  a  filberl.  In  color  they  vary*  from  white  lo  a  greenish  black,  li 
sp.  gr,  ihey  may  be  lighter  than  water  or  they  may  be  heavier.  In 
composittan  the>"  may  consist  chiefly  of  cholesterin,  of  inspissated 
bUe,  or  of  calcium  salts.  Those  of  Ihe  first  class  are  light  ct>lored  and 
float  on  Tjvater,  and  are  soft.  Those  of  the  second  class  are  haider, 
brown  or  verj-  dark  green  in  ovlor,  and  are  heavier  than  water*  Those 
composed  chictly  of  lime  salts  are  generally  irregular  bi  shape,  AM 
forms  of  these  stones  are  liable  to  be  somewhat  mued  in  composition. 
There  may  be  a  nucleus  of  calcium  phosphate  or  sulphate,  and  the  rest 
of  the  stone  may  be  organic.  These  stones  frequently  present  facets, 
formed  by  contact  with  one  another  during  their  formation  in  the 
gall-bladder.  Occasionally  concretions  are  found  in  fecess  which  have  & 
nucleus  of  hardened  feces  covered  with  a  crust  of  calcium  and  m:ig- 
nesium  salts  and  know*n  as  enkroiifhs.  In  herbivorous  animals  lhci« 
bodies  often  amtaiji  a  nucleus  of  hair,  and  attain  a  large  sixe. 

Meconitim  15  the  name  given  to  the  dark  green isli -brown,  pftdn 
like  contents  of  the  intestine  of  a  human  fetus  at  birth.     It  is  devoid 
of  fecal  odor  and  has  an  acid  reaction.     The  microscope  shows  it  to 
a>ntain  cylindrical  cells  from  the  villi,  often  grouped  together  as  when 
covering  the  villi.     They  are  usually  stained   green.     Besides  tbe?c 
epithelial  cells,  there  are  cholesterin  plates,  fat  glcsbules,  and  cry^^bU 
of  bilirubin.     Meconium  contains  mucin,  bilirubin,  biliverdin,  biliary* 
acids,  cholesterin,  traces  of  fat,  and  fatty  acids.     It  contains  from  jo 
to  aS  j>er  cent,  of  solid  matter.     It  does  not  contain  urobilin,  glyDigen, 
peptone,  lactic  acid,  leucin,  or  ivrosin.    Two  fjeculiar  substances  aft 
found  in  feces  which  do  not  occur  elsewhere  in  the  bf>dy.     These  ife 
excretin  (C^H^O)  and  stercobilin,  or  serolin.    Excretin  may  be 
oblained  from  the  feces  by  making  an  alcoholic  extract  and  keeping  it 
for  a  considerable  time  at  a  temperature  below  0°  C.  (33°  F.),  wkn 
there  is  deposited  an  olive- colored,  granular  body,  having  a  fecal  t)dor 
and  acid  properties^  frr>m  which  Marcel  has  named  it  exert toMc  add. 
It  r^cmbles  cholesterin  in  its  proj>erties. 

The  feces  of  infants  fed  with  normal  breast-milk  are  lemonydkiW 
to  orange-colored,  and  contain  about  85  per  cent,  of  water ^  i3*S  P^ 


I 


FECES. 


589 


cent,  of  organic  and  1,5  per  cent,  of  mineral  matt^.  On  shaking  up 
with  water,  the  water  becomes  acid,  and  numerous  flocculi  of  larger 
or  smaller  size  separate. 

[  dtanges  in  tlie  Feces  in  Disease.— The  feces  of  adults  become 
m  blue -clay  or  light  gray  color,  when  the  bile  is  shut  ofif  from  the  in- 
testine, very  fetid,  and  contain  a  large  quantity  of  fat.  Occlusion  of 
the  pancreatic  duct  also  leads  to  the  appearance  of  fat  In  the  stools. 
Diarrheal  stools,  or  stools  after  purgative  medicines,  var>^  from  the 
normal  principally  in  the  proportion  of  water,  although  the  rapid  peri- 
stabis  will  usually  bring  down  more  or  less  undigestetl  matters.  The 
fece-s  in  typhoid  fever  are  usually  semiJuid,  and  frequently  contain 
blood  and  small  portions  of  necrotic  membrane,  and  usually  contain 
crystals  of  ammonium -magnesium  phosphate.  They  contain  the 
Eberth  bacillus,  i>eculiar  to  this  disease,  and  a  poisonous  base  known  as 
typhotojcin,  having  the  formula  QHj^NOj,  and  an  active  toxin.  The 
stools  of  cholera  are  thin  and  almost  colorless,  resembling  rice-water. 
Under  the  microscope  are  seen  a  large  number  of  epithelial  cells  from 
the  villi,  and  bacterial  analysis  reveals  the  comma  spirillum.  Cholera 
stools  contain  indol  and  nitrites,  and  develop  a  blood-red  color  on  adding 
dilute  sulphuric  acid,  due  to  the  formation  of  nitrate  of  nitroso-indoL 
This  reaction  Ls  often  used  for  diagnostic  purposes. 

Dysenteric  stools  are  characterized  by  an  abundance  of  mucus 
tinged  with  blcHxi,  peculiarly  fetid,  and  frequently  containing  fragments 
of  sloughing  mucous  membrane.  Microscopic  examination  sometimes 
reveals  an  ameba^  known  as  the  atneba  coll,  characteristic  of  certain 
cases  of  tropical  dysentery,  or  a  peculiar  bacillus  known  as  Shiga's 
bacillus.  The  stools  of  hemorrhages  into  the  stomach,  or  elsewhere 
along  the  digestive  tube,  are  dark  brown  or  black  in  color,  and  very 
fetid.  Gall-stones  are  sometimes  found  in  feces,  as  well  as  small 
calculi,  or  enteroliths.  These  bodies  are  best  seen  by  thoroughly 
washing  the  feces  in  water,  and  pouring  off  the  top  liquid  with  the  lighter 
floating  particles^  when  the  gall-stones  or  concretions,  if  present,  will  be 
found  in  the  bottom  of  the  vessel.  Animal  parasites  of  various  kinds 
or  their  eggs,  and  even  larv^  of  insects  are  sometimes  found  in  feces. 
Seeds  of  fruits,  fragments  of  stone,  metal,  or  other  accidental  substances 

.  will  occa?  inn  ally  find  their  way  into  the  feces. 

I  Intestinal  Gases, — The  large  and  small  intestines  always  contain 
more  or  less  gas.  This  is  usually  a  mixture  of  carbon  dioictde^  methane, 
nitrogen,  and  hydrogen.  In  strictly  normal  digestion,  unless  substances 
rich  in  sulphur  are  eaten  in  considerable  qyantities,  sulphuretted  hy- 
drogen is  not  found  in  the  gases  of  the  colon.  The  COj  is  deriv^  in  part 
from  bacterial  decomposition  of  carbohydrates  and  proteids,  and  in  part 
from  the  blood.    The  CH|  is  derived  from  the  bacterial  decomposition 
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of  carbohydrates  and  protdds,  but  especially  from  ceUulcJse.  The 
nitrogen  is  partly  derived  from  the  bloodj  partly  from  the  air  swallowed, 
and  partiy  from  decomposilion  of  f>roteids.  The  hydrogen  is  derived 
from  ferraeuta lions  of  carbohydrates  and  proteids.  But)Tic  fermen- 
tation of  sugars  generates  hydrogen.  The  following  table  gives  the 
percentage  composition  of  the  gases  of  the  large  intestine,  as  given  by 
Ruge: 
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HHK. 
Milk  Is  a  secrrtion  elaborated  by  the  cells  of  the  mammary  ^aiid%1 
the  prraeoce  of  wbich  is  characteristic  of  the  mammalia.  The  organic 
constituents  of  milk  are  characteristic  and  are  therefore  not  separated 
from  the  bloody  but  prepared  by  the  cells  of  the  gland*  The  milk  d  ^ 
different  animals  differs  si^mewhat  in  composition^  but  always  contaifis  H 
the  same  constituents.  It  contains  all  the  necess^iry  constituents  of  a 
perfect  food,  and  h  intended  for  the  nouri^^hment  of  the  young  mi^ 
they  are  able  to  live  upon  other  ftxKls.  It  is  an  opaque,  white  fluid, 
containing  fat  globules  and  casein  in  suspension,  albumin,  sugar,  and  sails 
in  s<3lution.  The  reaction  of  human  milk  is  generally  feebly  aLkaline  to 
litmus  paper;  that  of  the  cow  is  usually  neutral  or  faintly  acid  to  this  in- 
dicator, while  that  of  the  carnivora  is  generally  acid.  Milk  readily  k^ 
comes  acid  or  sour  on  exposure  to  Ihe  air,  due  to  lactic  fermentation. 
Microscopic  examination  reveals  the  fat  in  a  state  of  perfect  croul- 
sion»  the  fat  globules  remaining  suspended  and  separate  from  one 
another.  It  is  believed  by  scjme  that  each  fat-corpuscle  is  surrounded 
by  an  albuminous  membrane.  Others  deny  the  existence  of  this  mefn^ 
brane*  The  fluid  seen  between  the  globules  is  not  perfectly  clear^  btit 
contains  small  granules  of  casein,  which  may  be  filtered  out  by  pass- 
ing it  through  a  clay  filter.  The  milk  which  is  secreted  for  the  first  few 
days  after  parturition  is  viscid,  yellow  in  color,  of  high  specific  gmvinr, 
and  shows  the  presence  of  a  few  corpuscles  of  a  peculiar  chantcttf. 


The 
drmneia^-     Tte 
An  cxofiscf  &t 

Tkc 
UieaiDPQtfl0f 
scented  hv  m. 
about  7  10  12 
of  anuoals  wiA  flK 
a^  tbe  poricKl  ctf 

CoD^ooliiv  of 
numerDu^  and  Ae 
irbiit  from 

y^^^one,  fo  give  ibe 
bumao  ieuUl     ThecDoyfath^ 
milk  is  given  in  tbe  fo&Mrtng  tabic 

COMF05inON'  OF  HTiC^V  ANB  COWS^  MHJL 


{EJ^i>. 


«jJS 

Totat  aoijds, ..,.,.  S,6o 

Caaem* 0.10 

AnHimiiL, 0.16 

Fat,...-..... ij; 

StigaJt....... i.7S 

S^t&*...«... .. ....  0.1  J 


10364 

iM$ 

6.J0 
8.76 

1.87 


1029S 
875S 

374 
6.37 

O.JO  I 


S0314 
8715 

tJt 
0,60 

077 


tC^4^ 

t.QI 
6.tt 
I.4S 

0.50 


io^|6ft 

•;« 

tdt 

«4i 


The  above  figures  for  albumin  and  sugiir  were  moitly  diirrmlrtcfl  by 
the  difference  between  ihe  total  solids  and  the  nitmgcncmi  nulmlAnrir* 
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There  may,  therefore,  be  some  question  of  the  accurac>^  of  these  ny  mbcfs, 
as  shown  by  the  analysis  of  human  miik  by  Camerer  and  Soldner: 


Eidilh 
to  ttm  djijr. 

Water,  .-.-- .---,< --.87*75 

Solids, .-..- i2.^S 

Fat  (ether  extract), 3-14 

Lactose,  --- ,,,,.  6,26 

Casein, , o.^i 

Albumin, ..,, * ,  oM 

Citric:  acid, ..,.--   0,05 

Unknown  extract,-- 0.91 

Ash,  -. ---*  0.27 


Twtnlicfh 

Srvcntielh 

Alter 

ta  ^Dth  4^y. 

to  1401b  daj-' 

iiQdifi. 

87.62 

88-4^ 

88.64 

ti.j8 

u-sS 

1I.J6 

S-90 

J09 

JM 

M7 

<kr« 

6,;S 

0-S5 

0.46 

OJS 

t.tg 

t-€W 

aS4 

o.«>s 

0^ 

0^5 

<^55 

0^1^ 

O.J5 

0.22 

O.M 

0,10 

The  following  table  shows  some  of  the  chief  differences  befwccn 
human  and  cows'  milk  not  shown  in  the  above  tables  of  composition, 
These  dififerences  are  not  aU  those  which  really  exist,  but  enough  to 
show  the  complexity  of  these  differences. 


TABLE  SHOWING  DIFFERENCES  BETWEEN  HUMAN  AND 
COWS'  MILE. 


PBdFEKTttl. 


HtTMAK    MtLK* 


Cows'  Mnx^ 


Physical  appearance. 


Bluish^  translucent,  ododess, 
swctlish. 


Opaftue,  white  or  velkiwish- 
white,  distinct  odor,  iMf 
sweet  taste. 


Spec^  gnivity. 


1036  to  1036. 


1099  to  10J5. 


Reaction. 


Amphoteiic  or  slightly  alka- 
line. 


Amphotenc  or  slij^tlv  idd; 
N^mes  qukkly  add  en 
exposure  to  air. 


Behavior  on  boiling. 


Docs  not  coagulate,  and 
forms  a  very  slight  pellicle, 
scarcely  observable. 


Doe&  not  coagulate,  but  lann( 
a.  disttnct  pellkle  of 
and  Ume^ts. 


Spontaneous  coagula* 
tion. 


Coagulates  only  after  one  to 
two  days,  at  rcx)m-tem- 
pcmture. 


Coagulates  after  sit  to 
hours  at  room-tempeiiMn? 
due  to  lactic  acid 


(amp 


Coagulation  with  ren* 
net. 


Coagulates  incompletely  in 
small,  isolated  floccuJtf 
never  forming  visible  curds. 


Coagulates  at  body  tnop*^ 
ture,  separating  Into  oidfi 
masses  and  opalescent 


FaJt, 


Butter  yellowish,  ^milar  to 
cow-butter;  sp.  gr.  at  15' 
C.»o^66;  mcll^  at  :i4**  C. 


Butter  yellow-white;  «p.  (^ 
at  is*C.  -  ojg49  toej^"^ 


at  IS*  ^.  —  w^4' 
melts  at  35  J*  C; 
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Ta»]^  Seowino  Ditferences  Between  Human  akd  Cows'  Milk.— 

Continufd. 


Pio(reftTic&. 


Human  Mile* 


Cowa'  Mjue. 


LOmposttba  ol  fat* 


OLdi),    palmltiD,      stearin, 
butyrin,   caprtri,    caproin, 


Oldn,  piUmitin,  stcariii^  ca- 
proin,  caprylin,  caprin^  lau- 
rin,  myri&tin,  aracnjn,  buty- 
nrif  ted  thin  J  chole^terin. 


Volatile  adds  relatively  Volatile  adds  rclatlvejy  large, 
small;  otdc  acid,  one-half  oJdc  add  sniall,  palmitic 
non-volaiile  adds,  and  steanc  lai^. 


Casda* 


I 


Precipkaied  with  difficulty 
by  salts  and  adds;  easily 
soluble  in  adds;  leaves  no 
pseudonucltin  wii!i  jicptic 
digestion* 


pro- 


Lactalbumln,  lactoglobulin, 
and  casein;  ratio  of  casein 
to  albumin,  i  lo  j  (?), 


Uiiieml  matten^. 


atid  kcttMii, 


0ictefia# 


tOtticadd. 


Relatively  small  Amount; 
contains  one -sixth  as  much 
CaO  and  one-fourth  as 
much  PjO^  as  cows'  milk. 


Nuddn,    1.2  gm.  per  liter 

(Siegfried);     led  thin,    t.j 
gm.  per  liter  (Stoklasa). 

Generally     $leriie;      rarely 
staphylococcus  aibus  and 


About  0*05  per  cent* 


Prcrmitated  easily  by  salts 
anci  acid«;  precipitate  not 
easily  soluble  in  extc^^^  of 
adds;  leaves  residue  of 
pseudonuddn* 


Lactalbumin     and    globulin 

smalt;    casein  to  albumin, 
I  to  7,  or  even  i  to  10. 


Contains     relatively     latie 

amount. 


Nuclein,   0.6  gm«    per  liter 
(Siegfried);   lecithin,  1  gm, 

per  uter  (Stoklaaa), 


Coniains  numerous  bactemf  i 
and    occ^onatly    typhoid^ 
diphiheria,    tubercular  or- 
ganisms, etc. 

About  0.1  to  oas  per  cent* 


i£iisjm9riEs« 


Amylase,  ll^iase,  and  fibrin 
ferment , 


Amylase,  o^ilasc^and  pmlc* 
olylic  ferment 


IVarikoirs  fvsctiafi* 


Positive, 


Negative^ 


Foremilk  and  Strippings.— Bjr  ** foremilk*'  is  meant  the  first 

fmSlk  taken  frorn  a  full  udder;  hy  strippings  is  meant  the  List  t^irtifin 

triccfi.     There  is  a  marke«i  diiTcrencc  in  the  composition  of  the  two, 

fts  riiowfi  by  the  fcjllowlng  cxjtmplc^: 

{Fbnmilk;  first  <|Uart 
Strippiner'*:  last      " 


tir»l  quart 
kit      " 


,  lOji 
,  10.H 
>toi6 


\V*T11. 

Sou  DA, 

PlQTEIIWt 

F*T. 

SimAi 

**<>'5.l 

io*47 

*94 

1,70 

». 

**7'.ll 

IJ.67 

a.Qi 

4.08 

Sq.cs 

to,45 

3.8? 

1.4^ 

S'« 

SjJa 

l6.!» 

4.09 

737 

4.7* 
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Human  milk  shtjws  the  same  variations  as  those  shown  in  these  ex- 
amples of  cows'  milk.  The  importance  of  thk  fact  in  taking  a  sample 
of  mothers'  milk  for  anah^i^s  is  self-evidenL 

Albumoses  and  Peptones,— Baljcock  and  Russell  claim  to  have 
found  these  substances  as  a  ainstant  constituent  of  cows*  milk  in  a 
large  number  of  analyses.  Their  analyses  showed  an  average  of  0.53  per 
cent,  of  these  proteids.  A  number  of  other  chemists  have  failed  tt> 
confirm  their  results,  when  fresh  milk  is  examined. 

The  Extractives- — Brides  the  nitrogen  existing  in  milk  as  proteids, 
there  is  aist>  Si>me  present  in  other  forms.  These  substances  are  usually 
called  extractives.  These  extractives  are  found  to  the  extent  of  ahogt 
one  per  cent,  in  colostrum,  and  gradually  diminish  as  lactation  proceeds. 
These  substances  arc:  lecithin,  i  gm.  {>er  liter  in  cows*  milk  and  abtJut 
twice  as  much  in  human  milk;  cholesterin,  0.3  gm.  per  liter  in  human 
milk;  urea;  creatin;  Iipochrome»  the  yellow  pigment  of  butter; 
hypoxanthin,  odorous  principle^  soluble  in  CS^;  nuclein;  ntickoii|Ol 
which  cows'  milk  contains  0.5  gm.  and  human  milk  1,2  gm.  per  liter, 
and  several  different  enzymes.  There  should  be  added,  here,  that  pml> 
ably  albumoses  and  peptones  go  to  make  up  a  part  of  the  so-called 
extractives.  The  imfjortance  of  some  of  these  substances  in  nutriikm 
has  been  known  for  some  time,  while  others  are  to  be  regarded  as  ac- 
cidental or  excrement  it  iuus. 

Citric  acid  has  been  found  in  cows^  milk  in  quantities  of  t  tu  i,$ 
gm.  per  liter  (Hcnkel  and  Soxhlet). 

The  amount  found  in  human  milk  is  much  less  than  in  cow,^*  miOL 
It  exists  in  combination  as  jjotassium  citrate,  v^hkh  is  converted  loto 
calcium  citrate  and  precipitated  as  such  on  adding  ammonia  or  * 
boiling  the  milk. 

Enzymes.— Vital  Properties  of  Milk,— Until  recently  milk  was 
not  regarded  as  possessing  living  or  vital  pro[>erties.     We  now  knoii 
that  fresh  milk  contains  certain  substances^  such  as  en^vmes,  alexinM 
agglutinins,  bacteriocidins,  etc.,  which  are  the  result  of  protopbsmi*^ 
action  and  which  possess  activities  akin  to  living  protoplasm. 

The  enzymes  that  have  been  found  in  milk  are  amylase,  abutidafl 
and  active  in  human  milk  and  ver}*  feeble  in  cows'  milk;   lipase,* 
fat-s[jlitting  ferment,  also  much  more  active  in  human  than  cows*  milbl 
oxidase^  or  an  oxidizing  fernientp  giving  a  red  color  with  an  eqit ' 
volume  of  aqueous  solution  of  guaiacol  and  a  to  3  drops  of  H,0„  adiifl 
in  cows*,  sheep^s,  and  dogs*  milk,  but  nearly  absent  from  human  mili;' 
a  fibrin  ferment  found  in  human  and  not  In  cows'  milk;  a  proteolytic 
ferment  active  in  cows'  milk.     These  ferments  are  destroy^  by  a  boil- J 
ing  temperature  and  probably  at  78°  C,  (1724^  F*), 
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These  enzymes  are  probably  of  use  to  the  infaDt  m  proTHOtmg  the 
^  ksn  oC  the  milk^  while  its  secret itm  of  digestive  tnzymeSj  as  well  as 
the  secretion  of  certain  glands*  is  insufficient.  Wc  know  very^  little  of  the 
alexines  and  agglutinins  in  mUk^  except  that  ihey  pass  from  the  blood 
of  the  mother  into  the  milk.  It  is  a  well-known  fact  that  cows'  milk 
has  a  bactericidal  action  which  is  most  active  at  body  temperature,  and 
which  lasts  for  six  to  nine  hours*  (See  Bacteria  in  Milk.)  It  is  thus 
evident  that  mammals  provide  a  milk  for  their  young  which  contains 
nal  only  the  constituents  known  to  the  analyst,  but  certain  living  or 
physiologically  active  properties,  which  can  be  destroyed  by  heal  or 
by  antisqitics.  These  active  properties  are  not  the  same  for  all  milks, 
and  therefore  prevent  the  perfect  substitution  of  one  animal's  milk  for 
thai  of  another  species  in  the  nouiiihinent  oi  the  young. 

Umikofif'S  Reaction. — .\nother  propaty  of  human  milk  is  that 
known  by  the  name  above  given.  When  to  5  c.c  of  human  milk  3-5  c.c. 
of  a  ten  per  cent,  solution  of  NH,OH  is  added,  and  the  mixture  warmetl 
to  about  60°  C.  {140^  F.)  on  a  water-bath  for  a  feir  minutes,  the  mixture 
assumes  a  reddisb-\4olet  cobr.  This  almost  cosistaiil  reaction  t^f  human 
milk  fails  with  cows'  milk  as  well  as  iiith  the  maSk  of  other  bcrhivora. 
It  can  thus  be  used  to  distinguish  human  from  a&er  fttiks.  Umikt^fT 
believes  it  can  be  used  to  determine  the  duration  of  lactaf  u>n,  as  the 
intensity  of  the  ruction  increases  as  the  pcrirxE  of  lactation  IncreaiveH. 
Bnid^inski  does  not  confirm  this  statanent. 

Proteins*— The  chief  proteins  which  occtir  m  milk  an?  the  following: 
Casern,  lactalbumin,  lactoglobulln,  kdoprolein,  albumo^,  and  f^>tonc. 
Of  these f  the  first  two  are  present  in  cm^idcrable  quajUitles,  while  the 
others  are  present  in  sery  small  quantity.  When  milk  is  allowed  to  itaficl 
at  the  ordinai>^  temperature,  a  part  of  its  bdote  it  cxnivcrted  by  fer- 
mentation into  lactic  add.  Ulien  this  Ins  tccBflndftled  to  m  coiihidrr 
able  extent,  the  casein  h  precipitated.  Wlea  mUk  k  tr^led  with  rennin, 
or  gastric  juice  containing  this  fenn^lit  the  Gtsm  in  mpidly  itmscfH*4\ 
mto  paracasein,  and  at  the  same  time  coagtUation  m  pmipitjition 
occurs.  When  rennet  is  added  to  oows'  milk,  the  reiiult  i»  a  ujherciit 
dot  or  curd,  and  a  clear,  yellowii^  fluid  caBed  wbey.  Tlie  curd  con 
tains  the  fat  entaiigled  mith  the  paracasein.  The  whey  confiiirii  tlir 
albumin,  sugar,  and  salts.  In  human  m^  the  curd  11  formH  of  pxrnjtlli  r 
jloccuU,  and  the  same  appcaimaoe  ottjr  be  pftirfaced  wkh  '  \l  ^t 

It  be  pre\iou^j  l^l^jr  dibleci  witii  Kttft'wmty.    Ciiri  Iku 

resemble  the  ^obtdins  in  its  be^srior  willi  nralml  iilli,     Th«  |tlt»l fil- 
ling, however,  coagukie  when  beilfid^  while  caaejn  doct  riiif  * 

Casein^^^The  easetniof  ihewflfcicfdigifqrt  OMOifiiiil*  mn  iltltrrrtil , 
'Casein  is  the  chief  oonslftiieiit  of  cbeoeu    For  fSm  fmfpmFlim  id  umiflit 

page  4^. 
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Lactalbumm. — After  the  precipitation  of  Ihc  casein  by  acetic  acid, 
this  protein  is  left  in  the  solution.  The  scum  which  forms  on  the  top  *>/ 
milk  on  boiling,  h  probably  formed  by  the  coagubtion  of  a  part  of  ihe 
hctalbumin  mixed  with  casern,  Lactalbumin  b  not  identical  willi 
serum^albumin,  but  resembles  egg-albumin  in  constitution  and  ciief 
properties.  The  lactalbumin  is  modified  by  boiling,  being  coD¥efted 
into  a  colloidal  condition^  which  precipitates  on  adding  add  to  the  cofcl 
boiled  milk. 

Lactoglobulin. — Various  observers  have  discovered  other  pnotems 
thin  the  two  mentioned  above.  Lactoglobulin,  whey  proleiii,  bclo- 
protein,  gakctin,  nu clean,  urea,  hypoxanthin,  cholesterin,  yellow  lipt^- 
chrome,  prDteoses,  peptones,  certain  enzymes,  and  nuclein  have  ht*n 
mentioned  as  occurring  in  milk,  but  our  knowledge  of  ihe  amount 
preisent  is  so  slight  that  we  will  pass  them  with  the  mere  mention-  It  b 
claimed  by  some  that  the  supposed  presence  of  some  of  iheiu  is  due  tn 
faulty  methods  of  examination. 

Fat- — The  fat  of  milk  is  found  suspended  in  the  milk-serum  in  ibe 
ft)rra  of  a  fine  emulsion.  ^\Tien  a  drop  of  milk  is  examined  with  a 
microscope,  a  great  numlxir  of  highly  refracting  globules  arc  seen  ^hA 
appear  to  be  inclosed  in  an  envelojic  or  membrane.  Much  discussbj 
has  taken  place  as  to  whether  such  a  membrane  exists,  and  opinions  siP' 
differ  on  this  point.  When  milk  leaves  the  mammary  gland  \hm 
corpuscles  are  free,  but  they  soon  collect  in  groups.  The  ^rum  docs 
not  appear  homogeneous  and  clear,  hut  granukr*  These  granules  arc 
composed  of  casein,  which  is  therefore  not  in  solution,  but  in  sus- 
pension and  loosely  combined  with  ailcium  phosphate.  The  diamdi 
of  the  fat-coqDUScles  \aries  from  3  to  20  ^»  They  are  larger  in  v 
rich  milk  and  smaller  in  f>oor  milk. 

The  composition  of  the  fat  of  human  and  cows'  milk  differs  s&mb- 
what.  Human  milk-fat  contains  more  triolein  and  less  glycerids  of  ibf 
volatile  fatty  acids,  than  cows*  milk.  The  sp.  gr.  of  milk-fat  is  ab>ul 
0.930  at  15°  C.  (59.5°  F.)  and  0,91  iS  at  37,8°  C,  It  fuses  at  about  33^'. 
(91,4^  F.).  It  may  be  dissolvetl  out  of  milk  with  solvents  only  after 
treatment  with  an  alkali.  It  is  soluble  in  ether,  petroleum  ether,  C^ 
acetone,  and  CHCI,. 

As  the  fat-globule^s  are  lighter  than  the  serum,  they  gradually  rise  l*> 
the  surface  and  form  a  layer  knowm  as  cream. 

A  fair  market  milk  will  give  from  10  to  12  per  cent,  of  cream  in  U 
hours,  while  rich  milk  will  frequently  give  from  15  to  ao  per  cenL,  «tf 
even  more. 

Butter  is  the  fat  of  milk  in  w^hich  the  fat-globules  are  sepamted 
from  the  other  constituents  by  mechanical  agitation  in  the  rhiint 
About  one-sixth  of  the  fat  remains  in  the  buttermilk.     Hutlermilk  coo 
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tains,  therefore,  about  from  0.5  to  i  per  cent,  of  fat.  Butter  also  contains 
small  quantities  of  casein  and  lactose.  Butter  from  human  milk  is 
richer  in  fluid  fats  than  that  made  from  cows'  milk.  By  exposure  to  the 
ilr  butter  becomes  rancid,  due  to  the  saponification  of  some  of  the 
tri'butyrin  present  in  it. 

Milk-sugar^  as  wiU  be  seen  in  the  abo%^e  lable^  occurs  to  the  extent 
of  alx>ut  4.9  per  cent,  in  cows'  milk,  and  about  6,4  to  6.9  per  cent,  in 
human  milk.  The  characteristics  of  this  sugar  have  been  described 
in  Part  V.  There  seems  to  be  a  slight  difference  between  the  sugar  of 
COWS'  and  of  human  milk, 

Tbe  salts  of  milk  are  the  phosphates  of  potassium,  sc^dium,  calcium, 
and  magnesium,  with  chlorides  of  potassium  ami  sodiumi  and  a  trace 
of  iron,  which  is  in  combination  in  the  nuclern.  The  most  of  the  phos- 
phorus of  human  milk  and  about  one-half  that  of  cows*  milk  exists  in 
Of^nic  combination  in  the  nuclein  and  lecithin. 

Scildncr  gives  the  following  as  the  most  probable  composition  of  the 
salu  uf  Cows*  milk: 

pEUCtJJTJlGE  OF 

Total  Salts, 

Scxfium  chlondr,  NaCI,.... . 10.62 

I^Qluaiiiin  chl'imte,  KCI,,, --,,,..,, ,.,.,,., ,., ^.,_^.,..-_,  g,i6 

MoiiopotaisJum  phosphate^  KHJPO^, , , , , , , ,  (3.77 

Ili^Ktljissium  phcj6phat€,  K,HPCj^ , 9,21 

Potjissium  citralif^  K/CJfA)— --"« S47 

Magpeifruni  citrate,  U^{  t\Hfij)^ .,,..,,,. , 4.05 

liagnciium  hydrogen  phosphuie,  Nf  pit  PO,, .....__. 3,7 1 

Ciktum  hydrogen  phosphate,  CaHPO^ .*..*..*..,.,, .  7*42 

Trif  aU  iuin  phosphate,  C%(PO,)y, ,,.,,,..,,,.. .,,...  8.90 

Cakiumdlratc,  Caj(CpIIA)if  -'-; •--• - n^SS 

I  oxide  combined  with  casein^ ._............. 5.13 


He  gives  the  following  numbers  calculated  lo  gmms  per  liter: 


DicaJiiuni  phr^phale,. *....,,.  .0.671  gm, 

Trif  nU  ium  pti^iiphatc,. , 0,806    " 

Csik itiin  t  itraie,, * . .  2, 1  jj    " 

Cftkium  o?tid«  (in  corabinaUon 

with  rascin).  ,,,,,..,.. 0.465    ** 

|>imjif  rtrdum  phtj^phate,, « *  * .  * .  0,336   " 


Magnesium  (krate«* -0*405  gm. 

Po|si<tsiuin  ritrnti*.  ..*..-...  ^0.485    ** 

MonopoUisalum  ph*isphale,.t.i56    " 

DijK>lAas*yni  tihiisphiiic, 0*855    " 

VoUt  ^sj  u  tn  iih  if >fidei ....  0*8^0   ** 

Sodium  I  hliirirle * ...  * .  €>.9&3    ** 


The  follow tnj{  liiijie  gives  the  com|>osition  of  the  ash  of  whole  milk, 
am,  bultcrmilkj  and  whey  (W.  Fleischmann): 
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HM>ICAL  CKEMISTRY. 

It  is  worthy  of  note  that  cream  CDDtalf^  a  large  part  of  the  Iron  of  the 
milk,  while  buttermilk  and  skim-milk  Gontain  1^  than  whole  tnilL 
Whe>%  on  the  other  hand,  when  made  with  rennet  contains  the  ifon. 
The  pho^*^'^  are  nearly  equally  divided  beti&een  the  whey  and  the 
separated  curd- 
When  cows'  milk  is  filtered  through  an  ungkzed  day  filter,  the  con- 
stituents are  separated  into  a  gelatinous  masis^  which  remains  on  tk 
filler,  and  a  d^  straw-yellow  serum.     The  gelatinous  mass  contiios 
practically  all  the  fat  and  casein,  almost  all  the  caldum  phosphate^ 
about  60  per  cent,  of  the  lime,  and  nearly  one-half  the  phosphoric  aciA 
These  constituents  are  therefore  not  in  true  solution  in  the  mllk-seniiii, 
but  in  a  state  of  suspension..   The  serum  contains  pradic^y  all  the 
sodium  chloride,  the  pota^um  salts,  a  little  more  than  one-half  the 
phosphoric  add,  90  per  cent,  of  the  sodium  salts,  40  per  cent,  of  the 
lime,  and  65  per  cent,  of  the  magnesium. 

Reaction, — The  reaction  of  fresh  cows'  milk  is  amphotaicj— t,  e., 
it  changes  blue  litmus  to  red  and  turmeric  paper  slightly  brown.  Thii 
property  is  common  to  other  fluids  containing  the  alkaline  pbosphilcs. 
It  does  not  redden  phenolphlhalein.  The  reaction,  then,  is  diffffwH 
with  diierent  indit^tors.  On  warming  the  mQk,  the  alkaline  reaainn 
becomes  more  marked,  but  the  acidity  of  the  milk  is  not  changed.  The 
so-called  addity  of  cows'  milk  has  been  emphasized  beyond  its  itnpor- 
tance,  as  the  reaction  is  largdy  a  qu^tion  of  indicators.  Human  mQi  ^ 
has  a  feebly  alkaline  reaction  with  litmus.  Market  mtlk  is  almost  b-  ■ 
variably  acid,  because  of  fermentative  changes  produced  by  bacteria 
sown  in  from  the  air  during  and  after  milkuig.  The  acidity  docs  not, 
however,  run  parallel  with  the  number  of  bacteria  it  contains.  1^ 
acidity  is  not  a  measure  of  the  bacterial  con  tents  of  a  milk. 

Thomex  found  th^t  three  to  four  hours  after  mttkiiig  It  pequiicd  fxam  i.3  to  li 
ex.  of  deciaomsal  Alkali  to  neutralize  10  ex,  of  mUk^  u&ing  pbeciolphdi^da  as  Ibe 

indkalor.  After  ten  hoiirs  it  required  1.4  to  a. 5  ex.  --  KOH;  after  tiiiity-ili 
hours  It  required  t.7  to  6  c.c;  a.her  seventy-two  hours  it  required  3.0  to  Joocr. 
iQ  neutraliEe  10  ex.  of  the  milk.    He  found  that  COWS*  milk  coafukites  on  boilu^ 

It 
when  the  acidity  requires  1.3  c^c*  of  -  KOH  to  neutralize  to  c«c,  of  it. 

Adopting  J  ex.  as  thr  pcrtni^ble  limit,  a  simple  test  is  as  follows:  Mix  10  at- 
of  the  well -mixed  sample  with  20  ex.  of  distilled  water  and  a  few  diop9  of  jpbssd- 

phthalein  indicator  aoJution.     Now  add  3  ex.  of  -    NaOH  or  KOH,  aiid  mil 

well.     If  It  assumes  a  pinkish  color,  the  milk  may  be  hofled  without  coaguiitim^ 

When  the  addity  of  milk  increases  it  finally  reaches  a  point  wl 
the  casern  coagulates,  and  the  milk  finally  separate  into  cund  and  whcy< 
which  can  be  separated  by  filtration  through  paper. 

Bacteria  in  Milk,— Milk,  when  secreted,  is  a  sterile  liquid.    As  it  is 
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Cnopf  found  that  the  bacteria  in  a  railk  multiplied 
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Aboul  300  varieties  of  bacteria  have  been  isolated  fTt>m  cows'  milk.  Most  of  Ihest 
bacteria  are  harmless" to  pereons  drinking  the  milk;  some  of  them  are  jndiilcTtEt 
in  ihelr  actioti  on  the  milk  itself;  some  are  useful;  some  are  indirectly  injuricni*  and 
some  directly  injurious  10  the  milk. 

Pathogenic  orgatibma  may  find  their  way  into  milk  cither  from  the  iminiak  ur 
from  the  milkers  or  by  contaminated  water  or  utenstU.  Milk  may  thus  tjccome  tlie 
caiTier  of  specidc  disease  genns,  and  the  dissetmnator  of  contagious  or  infeciious 
diseases^ 

The  chief  sources  of  bacterial  contamination  of  cows*  milk  arc  the  boccnii 
which  inhabit  the  milk  tubes  In  the  interval  between  milkings,  organisms  denied 
from  dirt  dropping  into  die  milk  during  the  milking,  either  from  a  diny  udikr  (ff 
from  the  milker's  hands  or  clothing,  or  from  dust  in  the  air  of  the  stable  m  whicli 
the  milking  is  done.  The  greater  number  of  these  l>acteria  are  what  are  icmvi. 
saprophytic  bacteriEp  or  those  commonly  found  in  all  fermenting  or  dec^viDg 
solutions.  Nearly  all  these  saprophytic  bacteria  sooner  or  later  coaguliM«  ihe 
casein  of  milk  and  then  begin  to  dissolve  the  coagulum.  There  is  a  dmulumccftB 
conversion  of  the  lactose  into  lactic  acid*  These  changes  are  brought  about  bv  llw 
secretion  of  enzymes,  some  of  which  have  the  effect  of  rennin. 

The  conversion  of  lactose  into  lactic  acid  b  principally  accomplished  by  tbt 
bacterium  lactis  Aifrogenes  and  a  variety  of  the  colon  bacillus,  although  other 
varieties  of  bacteria  can  accomplish  it.  The  lactic  acid,  sooner  or  latcFi  begiail^ 
undergo  conversion  int<i  butyric  acid,  under  the  influence  of  the  bacillus  butyricusi 
when  the  milk  gives  off  the  odor  of  rancid  butter  or  of  old  cheese.  The  lactk 
acid,  when  produced  in  suBicient  amount,  causes  a  precipitation  of  the  casdn 
Certain  saprophytic  bacteria  may  cause  a  precipitation  of  the  casein  wiUwtil 
the  aid  of  lactic  add.  These  are  chiefly  the  bacillus  Bubtilis,  the  hadllus 
meseiitenctis  Fulgatus,  ribrio  butyricus,  and  the  tynotliri^  of  Duckiii. 
All  these  organisms  may  precipitate  the  casein  without  previous  sfjuring  h 
has  Ixen  shown  experimentally  that  milk-sugar,  sucrose*  and  even  glucose  iahfljil 
the  growth  of  these  casein -<lSgesting  or  putrefactive  bacteria.  This  b  pmbaUy 
because  the  sugars  fce^i  the  lactic -acid  pniducing  organisms,  and  the  acid  inhibte 
the  gcfjv^lh  of  the  other  bacteria.  These  harmful  bacteria  are  cirried  by  filt*i. 
and,  when  proper  precautions  are  obscrve+l  in  milking  and  subsequent  handlitig, 
few  tjf  these  bacteria  arc  present. 

The  larger  amount  of  proteids  and  smaller  amount  of  sugar  in  cows'  milk,  ifcm 
in  human  milk,  makes  the  fornier  more  liable  to  favor  the  growth  of  putrefacritt 
bacteria  in  the  intestinal  canal  than  the  latter.  This  is  one  of  the  elements  (J 
danger  in  feeding  unmodified  cnws*  milk  to  infants*  Many  putrefactive  bacteiii 
secrete  enzymes  similar  in  action  lo  trypsin,  which  has  been  named  caseABfl|  W*! 
the  peptone  produced,  caseon.  Lactose  hinders  the  gmwth  of  these  femtient^ 
This  action  of  milk-sugar  is  not  shared  by  the  other  sugars,  whiih  fact  has  a  markrd 
importance  in  infant -feeding.  Pure  cultures  of  these  ferments,  when  given  to  dog* 
or  catS|  causes  diarrhea^  and  their  growth  in  a  milk  is  an  etiological  factor  in  tk 
production  of  diarrhea  in  infants^ 
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Several  pQisoQom  substances  have  been  m 
ay  occasional Ly  cause  st^nous  illness  in  vouiig  i 


The  Gennlcidal  Action  of  Hilk.^\Mieii  fresh  mik  h  kept 
closed  vessel  after  milking,  the  Dumber  of  bacteria  decrea^i^  for  a  nm 
of  hours.     The  rapidity  of  thfe  decrease  rmes  with  the  1 
with  the  milk  of  diferent  cows.    It  is  entirdy 'absent 
When  the  mUk  is  kept  at  a  tetnpeiatiire  of  abotft  4.5°  C  (^bP  F-}  tbe 
decrease  m  the  number  of  bacteria   is  not  great,  bm 
forty-eight  bours.     The  germkidal  actioa  of  the 
lo**  C.  isd^  F.)  and  the  number  of  bacicna  gnms 
hours.     At  21°  C  (70*^  F.)  it  k  stM  mote  lapki  fcr  abotit 
when  they  begin  to  increase  rapidly. 

In  the  mixed  milk  of  a  herd  thb  gemikidal  action  genoafly  camm 
after  from  sLx  to  nine  hours.  If,  then,  the  mUk  k  taken  with  cm  aa  ti» 
contamination,  and  is  cooled  to  40^^  F.  within  tlnvehomsasd  kept  ai  tkit 
temperature,  the  number  of  bacteria  sfaouki  not  tnocaae  abi^c  Ike 
number  present  immediatdy  aft^  the  mikii^  for  ica^-dg^  kocn. 


cf  Ibe 


Certified  Milk.— Wlih 
before  miJUng,  washing  tlie 
loam  free  honi  dust,  ihe  use  ^  a 
properly  clt^Jistug  aiid  stcrilMog  ilie 
N^lnppiug^  ffom  each  teat^  and  cdoJ^ 
it  may  be  produced  and  delfN3«d 
talning  less  than  5000  bactena  la  cadi 
dticed  in  many  of  our  large  citie^  and  m  kjmmm 
teed  milkp  because  its  puritj  aad  Ipv  bacterial 
mbsion,  establisbedt  in  most  Gisa,  hf  m 
tains  an  excessiTe  number  of  bactefia.  ml 
k  milked  t  it  indicates  fbat  it  has  beea 
beenproperly  handled. 

Tiicre  IS  tto  constant  r^tioa 
of  a  milk.    The  degree  of  aiSdaty  wM  d^i^Kl 
prtsciTt. 

Colostium  is  the  name  given  lo  the  sea^etlan  of  Ike  1 
before  and  immediately  altex  parturkkm.    TUi  ■  a  wi 
yellow  color,  coagulating  when  healed  to  boffio^aadakolif  Ike  a 
of  aceitc  acid,  mercuric  chloride,  aknhnl^  and  mmet.    It  mmmi 
rates  on  standing  into  two  layers,  the  tipper  Isyer 
the  yellow  coloring  matter. 

The  proteins  of  cokistrum  ams^  of  oadm^t 
Ducleo-albumin,  and  albtunofies^    It  u  fsprmlly  rick  i 
accounts  for  the  fact  that  It  cisagulat^  on  hnttn^g     It 
Eecithin,  cholestefol,  n^nisiii,  and  tnea.    Tke  m^t  cf  i 
of  lactose,  derrtrose,  and  pmbably  dCkcr  waffa%    Tke  to 
that  of  true  milk,  having  a  falgbcr  tndtnig  poMt  and  loa  ^ 
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The  characteristic  feature  of  colostrum  is  the  presence  of  peculiar  bodies 
called  coloslnim  corpuscles,  consisting  of  clusters  of  fat-globules  and 
cells  Imiking  like  a  bunch  of  grapes.  They  are  easOy  seen  under  the 
mkroscof>e,  and  appear  to  be  partiatJy  disintegrated  cells.  These  cor- 
puscles may  be  found  in  colostrum  until  from  two  to  three  weeks  after 
paxturilion. 


Composition  of  Ifuif an  Colostrum. 


AK4LVST. 


Wateb.        Solids.     Fkotxi}9s« 


Caracrer  and  Soldner:  second 

fliiV, .,--,..  .S3.Q  16.04  S'74 

third  diiy..,., 87.S  15,17  *'46 

Woodwiifd".-, .<,87.5  la.io  1*90 

Cktiim, .. MS  ij*20  2.ao 

Pfdffer:  firsl  day, .84*3  i5-7  9-7S 

second  day, ,_S6.2  13.8  7.45 

Gautkr  (day  of  paniiritlon)|, . .  S3 .86  1 7,2  4.00 


Fat. 
4.0S 

4«oo 

4*So 

2.2 

5^^ 


Si:iOAB. 

4.08 

S-3J 
6.50 
6- 10 
a,94 
3S3 
7.^ 


ASQaJI 

O.4SJ 

0.34 

O.St 


Cow  COLOSmUM, 

A13UWK  Kan 

Akal¥ST<  Watex.    Souiis.  GijOBnuHir  Ca5iEin.  Fat.  Sdgail. 

Gamier:  first  day, , 73.07      26,93      ^^-^  3  54  3*54  3*^ 

second  day,-.  _. 82*38      17.62        4.5  4.50  4.75  2^5 

average, thirty  analyses,  ._.* 74. 05     25.95      13.6  ^.4^  3.43  2,66 

Engllng....,..,.,.... ....... 7K69      2S.3t      15.85  4.83  3.37  a.48 

Kanig:  average  of  fifty  analyses,  75.07      24.93      I2.99  4.16  3,97  2.2S 


f 

ASEI, 

J 

*53 


The  specific  gravity  of  colostriim  is  from  1046  to  1079,  and  averages  106S. 
It  coagulates  on  boiling  until  ihe  fourth  day  after  parturilion. 

Changes  Produced  in  Milk  by  Disease,— The  milk  of  a  strong, 
healthy  woman  b  more  nourishing  than  that  of  the  we;ik,  sickly  woman. 
The  character  of  the  secretion  of  milk  in  the  human  subject,  as  well  as 
in  some  of  the  lower  animals,  is  greatly  varied  by  the  emotions;  and  milk 
secreted  during  periods  of  excessive  mental  excitement  has  frequently 
proven  poisonous  to  the  young.  Certain  drugs  pass  through  the  mother 
into  the  milk,  as,  for  example,  iodine,  arsenic^  antimony,  lead,  tinc,^ 
bismuth,  and  mercury.  Opium  and  morphine,  although  they  may  not 
be  detected  in  the  milk,  have  frequently  passed  into  the  milk  in  sufficient 
quantities  to  narcotise  the  infant.  In  the  cow,  the  character  of  food  and 
the  state  of  the  health  have  an  imfxirtant  bearing  on  the  comixvsition  of 
the  milk.  In  cases  of  the  foot-and-mouth  disease  the  milk  has  been 
found  to  contain  bb(xl. 

The  Adulterations  of  Milk.— The  adulterations  usually  practise 
are  the  extraction  of  cream,  or  the  addition  of  water^  or  both.  Oc- 
casionally the  addition  of  some  foreign  substance,  as  sodium  carl>onate^! 
common  salt,  or  sugar,  is  met  with. 

The  detection  of  the  adulterations  of  milk  usually  depends  upon  the 
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:gEmvitT 
Ttte  ^»ce 
dh^ded  mtii  loo 
currsponds  k»  a 
veiy  Uttle  Yalo^ 

tbe  total  solids  or  the  ^  il  k  tf  < 
tiOQal  cases  die  sft  <tf  a  i 
1039,  but  saA  aSk  d 
the  specific  gimvitj  1 

cows.     A  specie  frmvitf  bdcpw  1029,  tkufJoR,  1 
an  exce^tvc  as>oufit  of  fat,  otajr  be  ukssk  ms  eridcoce  ol  oootajniaatiaQ, 
probab^'  with  water. 

For  such  exazmnatiODs  the  £at  may  be  esAnaled  by  tbe  i 
or  by  some  iomi  of  bcioscope.  Tbe  oeiaianincr^  or  cnmm  g»gr,  is 
simply  a  graduated  crMnder,  tbe  gradtxitiQiis  being  j^^  of  the  tutsU 
oipadtv  of  the  cylinder  la  the  zero  juark.  (See  Fig.  65,)  The  milk 
h  added  in  the  cylinder  to  ibis  zero  mark,  and  allotied  to  remain  at  reil 
for  !went>'-four  hours,  when  the  niimb^  ol  the  divisiims  ti^vered  h\  the 
cream  is  read  off.  This  should  not  be  le^  than  ten  ficr  cent.  The 
lactoscope  depends  upon  the  assumption  that  the  of^acity  of  the  tiiilk  In 
proportional  to  the  amount  of  fat  which  it  contains*  In  Feier'*  Iac-^ 
toscope  (Fig,  66),  a  measured  volume  of  milk  is  placed  in  i\  gruiliininl 
vessel,  A,  by  means  of  the  pipette,  B.  It  is  then  dilnltHl  w ilh  wulrr  unlll 
the  black  lines  of  the  inner  cylinder  of  opaque  whliv  (^hin*i  inn  [»r  oi^i'ii 
through  the  layer  of  the  mixture  between  the  wullst  of  tla^  Inmr  iinil  imlur 
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cylinders.  It  is  then  only  necessiiry  to  read  off  the  percentage  of  fat  on 
the  scale  of  the  outer  cylindeT,  at  the  surface  of  the  liquid.  This  method 
of  determining  the  fat  in  milk,  although  answering  for  the  puqx)se  of 
municipal  control,  is  not  to  be  depended  upon  for  scientific  purposes, 
or  as  evidence  upon  which  to  base  legal  proceedings.  The  Lictoscofie 
is  of  no  value  in  estimating  the  fat  in  human  milk.  In  a  large  ex 
perience  with  this  iastrument  the  author  has  seldom  seen  the  readings 
vary  more  than  0.3  per  cent.,  in  cows*  milk,  from  the  accurate  metht>tk 
Usually  it  is  much  nearer  than  this. 

For  the  methods  of  e^act  niilk  analysis  the  studcnr  h  t>(sicrrcd  to  *'  CUnitii 
Cbcmbtry/*  page  166. 
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F)a^  65^— A.  HvDiiotf£Tt^K.     B.  Crea- 
itoicx  T  tK , — {Starr . ) 


Microscopic  Examinatioa  of  Milk,— ^T he  e^^amlnation  of  humai 
milk  should  always  include  a  microscopic  examination.  By  it  we 
may  obtain  much  useful  information^  and  often  determine  striking 
abnormalities.  We  first  observe  the  number  and  size  of  the  fat  cor* 
puscles.  The  sample  must  l>e  taken  from  the  middle  of  the  nursings  or 
after  the  bttby  has  nursed  about  five  minutes.  By  a  little  experience, 
an  approximate  idea  of  the  amount  of  fat  present  can  be  obtained.  A 
preponderance  of  relatively  large  coq^uscles  indicates  a  rich  milk*  0> 
loslrum  corpuscles,  pus-  or  bkuKl- cells  may  be  detected  If  present.  The 
l^crsistence  of  colostrum  corpuscles  has  usually  an  injurious  effect  upoo 
the  baby. 


iorbed. 

mpkf  iktmoraiba  aad 
in  amstant  ua^     Of  i 
pfupef  cm  8 
about  ^^  F.  I 
entytwo  boiai  cr  cm 
(i)  the  auMitkm  of 
beat  to  fciO  the 

The  most 
salkflic  acidf 
per  cent,  solutioo  of 
oeni.)  solatioii  ol  fonaaMehydc  is 
vety  exieism.    One  tabic  yumfaJ  of 
tcD  ^dloiis  of  milk. 
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The  simplesi  characterislic  tcsl  for  fornialdeh_ydc  is  Hehner^s  test.  The  milt 
is  cdiluied  vrith  an  e<|ual  voiume  of  water,  and  this  mixiure  h  fl«iatc<i  upon  sming 
HjSO,  in  a  tcst-tuljc-  Thc!  jin.'scDct?  of  formaldehyde  h  shown  by  a  vioici-bluc 
color  at  the  junrtiOD  of  the  iwci  Ikjuids,  whith  b  fRTmaticm  fi*r  two  ur  thsix 
days.  In  the  absence  of  formaldehyde,  milk  givc:^  with  H^SO^  a  greenisli  tinge, 
and  a  brtrwn  color  develops  on  standing.  The  addition  of  a  few  dr^tp^  of  feirk 
chloride  solution  lo  the  acid  makes^  the  ti^l  nrnre  scniitivc.  This  lest  b  delicate 
and  charac  tens  tic  t  detecting  i  part  of  formaldehydr  in  200,000  jiarts  of  milk. 

Borax  and   boric   acid    have   occasionany  Uxn   used  to  preserve  milk.    To 
delect  boric  acid  k  Is  neces^r)*  to  cva|Jorate  some  of  the  milk  to  dtyness,  bot 
with  the  addition  of  a  sm*ill    amount  of  NajCOjj,  and  carefully   bum  0^  tht^ 
most  of  the  organic  matter.     The  ash  is  then  moistened  with  H^O^,  a  few  c.c, 
alcohol  added,  and  the  alcohol  is  ignited  in  a  dark  room.     If  borax  or  boric  arid 
present  the  flame  is  colored  green.  » 

To  delect  sahcylic  acid  the  milk  is  rendered  slightly  acid  with  H^SO^  m 
shaken  with  ether.     The  ether  is  drawn  off,  shaken  with  distilled  watcr^  igain 
separated,  a  ad  the  ether  evaporated*     The  ns^idue,  wKeo  treated  with  n  (mm 
solution  of  Fe^Cl^  gives  a  violet  color  in  presence  of  salitylit  acid. 

Hydrogen  pei^xidej  previously  neutraliEcd  by  shaking  it  with  CaCO,  tnay  be 
used  to  preserve  milk.  Three  ex.  added  to  a  i^uan  of  milk  is  the  quantity  itcom- 
mended. 


i 


Sterilized  and  Pasteurized  Milk,— Heal  h  one  of  the  best  mans 
in  our  possession  of  presen  ing  foods.    Sterilized  milk  is  milk  that  has 
been  heatect  lo  loo*^  C.  (212°  F.)  for  fifteen  to  thirty  minutes.    .After 
healing  it  should  be  as  quickly  cooled  as  possible,  and  then  protected j 
from  the  air  until  ready  lo  be  used.    A  single  heating  does  not  render! 
milk  absolutely  sterile.     Intermittent  heating  is  nccessan*  lo  secure  J 
sterility,  although  the  lactic  acid  organisms  are  killed  by  the  first  heating*- 
The  milk  so  treated  will  remain  sweet  for  a  long  time  if  air  be  ex* 
eluded.     Sterilized  milk,  either  pure  or  modified,  is  often  used  a5  a  foc4J 
for  infants.    Sterilization  should  be  applied  to  fresh  milk  before  fer- 
mentative changes  have  taken  plaee.     It  will  not  purify  unclean  at{ 
unwholesome  milk,  or  destroy  any  toxins  which  may  have  developed  in  il. 
Many  objections  have  been  raised  against  the  continued  use  of  steriliwd 
milk,  on  the  ground  that  children  fed  u|>on  it  arc  ver>^  liable  to  devekip 
rickets,  anemia,  and  scurvy,  and  are  relanled  in  their  developmei^t. 
On  the  other  hand,  when  the  only  supply  of  milk  is  unclean,  hailed 
with  bacteria,  or  from  cows  whose  health  is  in  doubt,  sterilization  or, 
belter,  Pasteurization  may  be  necessan%  especially  in  hot  weather. 

Effects  of  Heat  upon  Milk,— The  following  are  some  of  tlie  < 
changes  produced  in  milk  by  heat  sterilization: 


1.  The  fat  in  nvelted,  many  of  the  globules  coalescing  into  laTgier  globules  «f 
greater  density.     The  cream  separates  more  slowly  from  boiled  than  fmra  raw  milt 

2.  The  casein  is  rendered  leas  easily  coagulated  by  rennet,  is  tnore  U«wi? 
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aeicti  ninm  by  pepsin  and  p£incn?atin^  and  a  part  of  Ihe  phosphates  ar^  dksocialcd 

J,  The  albumin  is  coagulated  by  temperatures  above  75*^  C.;  ii  docs  not  pre- 
tipLati-v  \iMt  rcmiiiis  ^tispended.  On  siting  out  the  casein,  or  tFcatment  with 
rennet,  or  with  an  acid  the  aJbumin  j  1  ret i pita tcs  wkh  the  cacsm,  thus  iorreasing 
the  amount  of  iht  coaguiiim.  Thi^  serves  to  disiinguiiih  boiled  frtjm  mw  mllk^  as 
til  nii^  rnilk  I  he  albumm  remains  in  ^lution  after  prc'cipitiiting  the  casein  by  cither 
of  the  ;ib<>vc  nitthrxl^s. 

4.  The  sugar  is  dehydrated  or  partially  caraineliied,  a^  shown  by  hyss^  of  its 
p^wcr  of  rotating  a  polarised  ray»  and  by  the  development  of  the  caramcJ  taste. 
Tbc  »Mgar  loses  its  diuretic  am!  lajcative  properties. 

J,  The  greater  part  of  the  calcium  and  magnesium  phosphates  are  predpl- 
Uted#  am!  much  of  the  organic  phosphorus  is  converted  into  inorganic  and 
Bijn-aisimjlabJe  phosphates. 

6u  Lecithin  and  nuctein  arc  decomposed  and  their  nutritive  properties  lost. 

7.  Citric  acid  is  converted  into  in^ioluble  citrate  of  caUium,  which  is  Uisi* 

5.  The  enzymes  are  destroyed »  as  well  as  the  lactic  ferment.  The  loss  of  the 
OKidaac  and  proteolytic  enzyme  is  probabJy  of  some  importance,  as  well  as  ihe 
bftcteikldaJ  action. 


The  question  of  digestibility  of  the  grosser  const ftuenta  of  iUrflized 
miik  can  not  be  regartled  as  definiteJy  settled.  The  results  of  experi- 
ments are  conflicting*  Clinical  observations  distinctively  show  that 
tikfants  do  not  thrive  as  well  on  sterilized  as  on  raw  milk  of  good  quality. 

Pasteurized  milk  is  milk  lb;H  has  been  heated  to  a  temperature  of 
65*  to  08"^  C,  (150°  to  155°  F.)  for  fifteen  to  twenty  minutes  and  rapidly 
coole^L  The  temperature  at  which  this  process  is  conducted  varies 
with  the  notion  of  those  who  practise  it^  but  the  intent  is  to  heat  the  milk 
em^ugh  to  destroy  most  of  the  l>acleria  without  causing  the  changes 
abcn^e  mentioned.  The  maximum  temperature  of  pasteurization 
ihmitd  be  160^  F,  (71.1^  C.)  and  the  minimum  t4o''  F,  (60°  C). 

Lactalbumin  bq^ins  to  coagubte  at  about  73°  C  (161.6'^  F.),  but 
18  mM  comjiletely  coaguLited  below  77°  C,  {170.6*^  F.),  Most  patho* 
gmic  or^^anisms  are  killed  at  145^  F*  when  in  pure  water,  but  they  will 
ttsnetimes  sumve  a  slightly  higher  temperature  in  milk.  The  one 
excqiUon  to  this  is  the  Ijacillus  of  tuberailosis,  which  may  stand  a 
higher  tem[)erature.  A  temperature  of  155^  l\  (68°  C.}  for  fifteen 
minutes  will  render  milk  safe  from  pathogenic  organisms. 

The  use  of  pasteurizcrl  milk  obviates  some,  lht>ugh  not  all,  of  Ihe 
objections  to  sterilized  milk.  Ex]>erience  leaches  that  heating  milk 
(or  infant -feet]  rng  is  altendeil  with  defident   nutrition. 

Modified  Milk*— By  this  term  is  meant  rows*  milk  that  has  been 
dianjceri  in  rom^Misiiioti  si>  its  to  resemble  the  tt>m|H)sition  of  human 
niEk.  As  ihe  |icr  cent.  ca,<iein  in  cows'  milk  is  nhm\  three  or  four 
tliat  in  hunian  nailk,  ami  the  albumin  i^  but  half  that  of  human 
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milk,  there  is  ii  verj'  detided  difference  m  ihe  digestibility  of  thi 
two,  Rennin  coagulates  the  casein  only.  The  curd  formed  in  the 
stomach  from  cows-  miik  h  more  ahundantj  and  forms  tough  masseay 
difficuit  to  digest,  while  that  from  human  milk  is  slight  in  amount 
and  llocculent,  j 

The  sugar  of  cows'  milk  is  present  in  about  4-9  per  cent.^  while 
that  of  human  milk  is  nearly  2  per  cent,  higher.  These  and  olhe| 
ditlerences  in  composition  and  behavior  of  the  hvo  milks,  shown  ii 
the  table  on  page  592,  make  it  nccessar)'  to  modify  the  composition  o| 
cows'  milk  for  the  successful  nourishment  of  infants.  Various  methocU 
have  been  pro|josed  for  accomph'shing  this* 

One  of  the  most  frequently  employed  is  a  mixture  of  milk,  areantj 
water,  lime-water,  and  milk -sugar,  made  to  cQrres|>ond  to  the  supjx^sed 
average  composition  of  human  milk.  Such  mixtures  are  now  to  bf 
had  in  some  large  cities,  from  milk  laboratories  established  for  thi 
purjH)se  of  furnishing  Ihem.  Milk  of  any  desired  comfjositifm  maj 
be  ordered  from  the  laborator}%  and  this  com|x>sition  may  be  changeo 
al  will 

The  milk  used  for  this  process,  as  well  as  the  cream,  must  be  fresH 
and  the  cream  should  be  of  nearly  a>nslant  composition.  The  onlj 
way  to  secure  this  is  to  use  cream  separated  by  the  centrifugal  machine 

With  such  a  cream,  containing  twenty  per  cent,  of  fat,  The  foUovvinj 
propirtions  will  give  approximalely  the  composition  of  average  humat 
milk,  so  far  as  the  quantity  of  these  constituents  is  concemetl: 


Milk,*., ,.-...,.. 2  partis;  or.  Milk,,,.,.. ,,.,,.,  4  Ruidnunccs 

Crtam, * * ,  3  parts;   '*  Crciim, 6  iluidounceft 

Water, ......,..,-,.,-  — 10  jjatts;  **  WatcT^ .......,.,,,....  ao  iluidounccjs 

Lime-water _...•  i  [>arti     '*  Lime-water, „. 2  (tuidouniea 

Milk-augar|, , , .  - ^ ,. . ,  i  part ;    "  Milk-sugar^ ...,,..  7  drachms. 

The  analysts  ol  this  mixture  wiU  give  about  the  following  result^ 
when  a  gtHxl  milk  is  used : 


Watt?^. S8.42    Fat, 4 

Solids, I  i,j8    ProidtLH,.. n  i 


Sugar , 


.6.26 


Such  mixtures  can  nf>t  be  regarded  as  very  near  imitations  of  humaj 
milk.  Even  when  the  mixtures  arc  made  at  miJk  lalxira tones,  certain 
peculiarities  of  human  milk,  shown  in  the  comparative  table  on  pag« 
592,  can  not  be  imitateii  in  this  way.  The  fat  of  the  two  milks  are 
of  different  composition,  and  the  process  of  centrifugal  separation  ol 
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the  cream  partially  destroys  ihc  cjnulsion,  and  collecls  ihe  fat  globules 
into  small  masses  and  renders  the  fat  less  easily  digested.  The  dif- 
ferent amounts  of  nuclein  and  lecithin  in  the  two  milks  are  unfavorable 
to  cows'  milk,  as  regards  its  nutritive  qualities.  It  is  in  the  relative 
proportion  of  the  two  proteins  that  the  most  difficulty  is  e.tperienced, 
Tbe  above  mixture  contains  i.ri  per  cent,  of  proteins,  of  which  0.S6 
per  cent,  is  casein  and  0.25  is  albumin  and  globulin.  Human  milk 
usually  contains  more  albumin  than  casein,  a  fact  that  is  of  great  im- 
portance in  the  behavior  of  the  milk  with  rennin  or  with  acids—  1.  e.^  In 
the  first  stages  of  digestion.  This  relation  between  the  casein  and 
albumin  determines,  more  than  any  other  factor,  the  character  of  the  curd 
produced  on  coagulation.  The  larger  the  proportion  of  albumin  to  the 
casein,  the  finer  the  flocculi  formed.  The  actual  amount  of  proteins 
in  human  milk  varies  at  different  periods  of  lactation ,  being  greatest 
during  the  first  week.  The  following  figures  show  this  variation,  and  the 
feLalive  percentage  of  albumin  and  casein  (Camerer) : 

ALBUUm   AHt> 
F^TOP  or    tJbCTATTON.  TOTAI.    PVOTEIDS.  CASOM.  GLOBUUir. 

Eighth  to  eleventh  day, ,.,.,,.,,.., 3.53  O.g i  i .6a 

Twentieth  to  fortieth  day,. ,  *.-_.,..  1.74  0,55  i.ig 

Two  to  three  montlis,  .,,. ..i ^46  0.46.  t *oo 

Eight  months, *-.i'i9  0.35  0.84 

From  the  above  analysis  we  see  that  the  amount  of  toUU  proteids  in 
human  mdlc,  during  the  first  two  weeks  of  lactation,  is  about  a. 5  per 
cent.,  and  in  many  cases  3  per  cent.;  but  of  this  nearly  two-lhirds  is 
albumin  and  globulin  instead  of  casein.  We  may  increase  the  al* 
bumin  in  the  above-described  mixture  by  the  addition  of  egg-aibumin, 
in  the  proportion  of  the  white  of  two  eggs  to  the  quart  of  mixture.  As- 
suming that  the  white  of  an  average  egg  will  weigh  30  gm.,  or  1  ox.,  and 
that  It  contains  12.2  per  cent,  of  albumin,  the  whites  of  two  such  eggs 
would  conLiin  7.32  gm.  of  albumin,  and  would  add  approximately  0.75 
per  cent,  of  egg-albumin  to  the  above  mixture,  and  give  i«86  per  cent,  of 
proteids,  of  which  0,86  per  cent,  will  consist  of  casein  and  1  per 
cent,  will  consist  of  albumin.  W'liile  egg-albumin  differs  slightly 
from  lactalbumin,  the  physical  behavior  of  the  mixture  is  more  nearly 
like  that  of  human  milk,  and  experience  shows  it  to  be  well  suited  for 
infant  nutrition,  provided  that  the  albumin  is  obtaine^'l  from  fresh  eggs. 

The  Author's  Method  of  Modifying  Milk.— A  rational  method 
of  modifying  cows*  milk,  for  use  as  an  infant  food,  is  the  following: 
The  milk  should  be  allowed  to  stand  in  a  cool  place  for  three  or 
four  hours,  to  allow  the  cream  to  separate.  When  the  milk  is  re- 
ceived in  bottles,  as  b  the  custom  in  large  cities,  this  will  be  unneces- 
EMTf^  Siphon  off  from  the  bottom  of  the  containing  vessel  ti^*o-thirds 
40 
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or  I  hree- fourths  of  Ihe  milk,  leaving  the  cream  and  upper  port  in 
milk  undisturli^ed.  This  may  be  easUy  done  with  a  small  glass  or  ruhber 
siphon  lube,  previously  filled  with  water  to  start  the  siphonage.  To  iht 
milk  thus  drawn  off  add  a  teas{>oonful  and  a  half  of  essence  of  pepsin 
liquid  rennet  J  warm  to  blood  heat,  37^  C\  {93.6°  F,),  and  keep  at  or  near 
that  temperature  for  a  few  minutes,  or  until  the  curd  separates.  Them 
warm,  with  vigorous  stirring,  to  68^  C*  (155^  F,)  and  filter,  w^hile  hotg 
through  a  wire  strainer.  This  whey  will  contain  approximately  from  o.j' 
to  0,5  per  cent,  of  fat^  4,9  per  cent,  of  sugar,  0,8  per  cent,  of  proteids 
(lacUdbumin  and  whey  proleid),  and  0*7  per  cent,  of  salts.  Whca 
cold,  this  whey  is  add^  to  the  rich  milk  left  in  the  containing  vessel 
To  a  quart  of  ihis  mixture  we  must  add  1.5  per  cent,  of  milksug'ar  tdj 
bring  the  percentiige  of  this  constituent  up  to  6  fjer  cent.  This  wiUf 
require  about  one- half  ounce,  or  a  heaping  tablespoonful,  of  pow^dered^ 
milk'Sugar.  This  mixture  Is  very  successful  in  practice.  The  behavior 
of  the  mixture,  when  coagukled  with  dilute  acid,  is  strikingly  like  thatj 
of  human  milk. 

Instead  of  siphoning  oH  the  skim-milk  from  the  bottom  of  the  bottle, 
we  may  dip  out  the  requisite  amount  of  the  lop -milk,  Chapin^s  dipper^ 
holding  one  ounce,  may  be  used  for  this  jiurpose.  This  dipper  is  to  be 
had  of  dealers  in' physicians'  supplies.  The  top  8  ounces  (one- fourth)' 
of  an  ordinary  quart  bottle  of  milk,  containing  4  per  cent,  of  fat,  will 
contain  very  nearly  14  [>er  cent,  of  fat.  The  top  11  ounces  (one- third) 
of  the  bottle  will  contain  approximately  10  j>er  cent,  of  fat.  The  top 
16  ounces  (one-half)  of  the  bottle  will  contain  7*5  to  S  per  cent,  of  fat* 
With  these  three  lop- milks  and  whey,  water,  or  other  diluent,  we  may 
obtain  a  great  variety  of  mixtures,  of  approximately  know  n  comiKisi-- 
tion,  and  sufficiently  a,ccurate  for  all  practical  puq)oses  in  infant* 
feeding.  The  composition  of  the  mi.\ture  will  vary  somewhat, 
according  to  the  diluent  used. 

Cereal  gruels  will  sometimes  be  better  tolerated,  as  the  diluent,  than 
either  whey  or  water.  These  gruels  may  be  made  of  wheat,  barley,  rice^ 
or  oat  flour,  in  the  proportion  of  a  heaping  tablespoonful  to  the  pint  of 
water,  and  boilefl  for  fifteen  to  thirty  minutes.  The  gruel  may  then  b( 
dextrin ized  with  diastase,  if  desired,  or,  for  children  over  six  months  ol 
age,  it  may  be  used  without  this  procedure. 

The  table  on  page  611  shows  the  percentages  of  the  various  con^ 
slituents  to  be  obtained  by  the  mixtures  given,  in  column  (a)  with  water 
(^)  With  whey,  and  (c)  w^ith  cereal  gruel  as  the  diluents. 

Condensed  Milk »— Owing  to  the  difficulty  of  keeping  ordinarj 
milk,  several  proce^^es  f^f  preserving  it  Ijy  concentration  have  beer 
employed.    As  early  as  1837  Newton  preserved  milk  by  evaporatii]| 
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It  in  shallow  pans  at  50*^  C,  (122*^  F.),  during  which  lime  air  was  bfown 
through  the  milk.     From  that  lime  to  the  present,  presented  or  coti- 
dcnscd  milk  has  lieen  an  important  article  of  commerce.     Wlien  milk 
is  simply  evaporated,  without  the  addition  of  a  preservative,  it  is  cnlled 
condensed  milk.    This  is  also  put  into  the  market  sometime  under 
the  name  of  evaporated  milk.     This  term  is  also  applied  to  what  properly 
should  be  termed  preserved  milk^  or  milk  which  ha^  been  condensed, 
with  the  addition  of  cane-sugar*     Prej^en'^ed  milk  is  much  thicker  in 
apfiearance  than  condensed.     Milk  is  usually  condensed  to  about  one- 
ihinl  Its  original  volume,  although  the  makers  usually  claim  that  it  h 
condensed  to  one-fourth  its  original  volume.     Analyses  of  a  large  numticr 
of  samples  made  at  various  times  in  this  country  give  the  average  as  a 
little  short  of  one-third.     The  addition  of  1  parts  of  water  to  i  of  con- 
densed milk  should,  therefore,  produce  a  milk  of  the  same  degree  of 
ridiness  as  the  whole  milk  before  condensation.     Analyses  made  by 
Cornwall,  of  the  condensed  milks  found  in  the  American  market,  showed 
the  fotlowtng  average: 


Water, . , . , 26.95  P*^  ccnL 

Milk  solids. -.--,...34,36 
Casein  and  albumin »    9.25        ** 
Fttl , 9.69 


Milk-sugar»  ,.,*,•*,  iJ.^S  per  colt 

Cane-sugar, , ,  .38.83       '* 

Ash,.... 1,9a      ** 


Calculating  from  these  results,  he  found  that  the  condensation 
varied  from  2.37  to  3.12  time^s^  the  average  of  all  analyses  being  about 
3.74  times;  or,  the  milk  was  condensed  to  not  quite  one- third  the  ariginal 
volume.  Condensed  milk  is  largely  used  as  a  food  for  young  infaab^ 
For  this  purpose  it  is  usually  diluted  with  about  9  to  la  parts  af 
water.  Meigs  has  shown  that  if  i  part  of  the  l>est  commercbl  sweet- 
ened condensed  milk  be  mixed  with  9  parts  of  water,  the  mixture  ^m^ 
what  closely  resembles  in  composition  that  of  human  milk,  with  the 
exception  that  it  is  deficient  in  fat,  and  that  thi:>  mixture,  with  a  srrull 
portion  of  cream  added,  gives  a  milk  of  nearly  the  chemical  composition 
of  human  milk.  In  nutritive  qualities,  condensed  milk  is  inferior  lo 
cows*  milk  or  human  milk.  It  is  open  to  the  objections  above  men- 
tioned to  sterilizeti  milk,  It  is  open  to  the  additional  objection  tha!  1 
large  part  of  the  sugar  present,  when  sweetened  milk  is  used,  is  ane- 
sugar  instead  of  lactose,  the  natural  sugar  of  milk.  Infants  M 
exclusively  ujion  condensed  mi!k  show  a  tendency  lo  develop  rickeu 
or  to  a  failure  of  the  nourishment  of  the  bony  structures.  As  a  result, 
the  development  of  the  teeth  and  the  ability  to  walk  are  somen  bat 
dclayetJ. 

Cream  is  the  upper  layer  of  milk  that  has  been  left  at  rest  for  sonw 
liour%  in  which  the  fat  globules  are  more  numerous  than  in  the  wholf 
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milk.  The  sp,  gr.  of  fat  being  less  than  that  of  the  milk-serum^  the 
globules  rise  to  the  surface  because  of  this  difference  in  gravity-  The 
sp.  gr.  of  milk-fat  is  0.930  at  20^  C.  (68^  F.)  and  0.918  at  37.8°  C.^{ioo^ 
F.).     Advantage  b  taken  of  this  difference  in  gravity  to  separate  the  fat 

rm  milk  by  centrifugal  machines  called  **  separators.'* 
Cream  that  separates  spontane<>usly  is  known  as  gravity  cream, 
to  distinguish  it  from  centrifugal,  or  separator  cream. 

It  is  not  possible  to  give  an  averiige  comiKssition  of  cream,  as  this 
varies  within  very  wide  limits.  The  fat  may  var>'  from  9  to  65  per 
ceot.,  while  the  other  constituents  vary  nearly  inversely  as  the  fat. 
As  milk  may  contain  12  per  cent*  of  fat,  it  follows  that  no  sharp  dis* 
linction  between  milk  and  cream  can  be  given*  The  following  table 
gives  the  relation  between  the  total  stilids,  fat,  and  solids  not  fat  in  cream 
of  varying  composition  (^Vieth): 

Tola]  soUds,, .„.-,.. ....21    %   25    %      30%   zs%       40%     50%     60% 

Fat,. _,t2.T"     16.1**        22  "  27.5"        3S  "      44  "      55" 

Solids  not  fat 8.9  "      8.5  *•         8  "     7.5  '*  7  **        6  '*        5  '* 

^^  If  we  take  9  per  cent,  as  the  average  amount  of  solids  not  fat  in  cows* 
milk,  a  cream  containing  10  per  cent,  of  fat  will  contain  nearly  the  same 
amount  of  solids  not  fat  as  the  original  milk.  This  is  an  important  fact 
in  infant  feeding.  Very  little  gravity  cream  is  now  stild  in  large  cities, 
the  centrifugal  cream  having  almost  displaced  it.  There  are  two  grades 
of  cream  in  common  use:  a  thin  cream  containing  about  20  per  cent,, and 
a  heavy  cream  containing  about  40  per  cent,  of  fat.  This  cream  is 
frequently  pasteurized,  and  then  seems  thinner  than  ordinary  cream* 
A  syrup  of  lime,  known  as  "  viscogen,**  is  sometimes  added  to  cream  to 
thicken  it.     A  solution  of  gelatin  is  also  used  for  this  purpose. 

The  number  of  bacteria  in  cream  is  always  larger  than  that  contained 
in  the  original  mitk.  This  is  especially  true  of  gravity  cream.  Com- 
mercial cream  is  often  kept  in  cold  storage  for  some  time  before  market- 
ing, when  it  becomes  thicker,  and  contains  so  many  souring  organisms 
that  it  is  liable  to  produce  excessive  lactic  fermentation  in  the  stomach. 
Such  cream  is  unfit  for  feeding  infants.    The  best  cream  for  this  pur- 

PfHise  is  that  removed  from  a  l>ottle  of  fresh,  pure  milk. 
[  Skm-milk  and  Separated  Milk.— Skim-milk  is  milk  fmm  which 
the  most  of  the  cream  has  lieen  removed  by  skimming.  Separated  milk 
is  that  obtained  after  removing  the  cream  by  the  centrifugal  separator. 
The  latter  differs  from  skim-milk  in  containing  less  fat  and  solid  im- 
[>urilies,  and  in  which  the  proteids  are  in  practically  a  normal  condition. 
The  proteids  in  skim-milk  are  mure  or  less  changed  into  albumoses 
and  i>eptones,  by  the  action  of  bacteria,  during  the  *'  creaming  process." 
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The  following  may  be  taken  as  the  average  compositioQ  of  separated 


W«ieri....... 90'S 

Fit,...«>« .-  O.JO 


Casein,-..,... , 

AlbtmuHt 

IiKin&nk  salls^. . . . ...  .a^S 


Skim  milk  contains  a  variable  amount,  or  fmm  0.4  to  i  per  cen 

cif  hiL 

Separator  slime  is  a  viscous  byer  that  is  found  on  the  inside  of  the 

drum  of  a  sc|jar.itiir  after  it  has  been  running  for  a  time.  This  h 
composed  of  mucoid  substance,  casein,  epithelial  cells,  leukocjte&p  a 
trace  of  fat  and  sugar,  and  various  solid  impurities  separated  from  the 
milk,  including  vcr>^  numerous  bacteria.  The  quantity  of  slime  le- 
mnved  is  abf>ul  0,4  |>cr  cent,  of  the  milk. 

Buttermilk  is  the  portion  of  the  milk  left  after  churning  and 
removal  of  the  butter.  It  differs  little  in  gross  comf>osilion  from 
skim-milk,  except  that  it  contains  a  larger  amount  of  lactic  acid  and 
greater  changes  in  the  proteids.  The  fat  in  buttermilk  varies  froni 
0.2  to  2  f>er  cent.,  but  is  usually  about  i  per  cent-  Buttermilk  u  often 
used  as  a  refreshing  drink  and  is  usually  well  borne*  The  .slight  acid 
taste  is  agreeable.  It  has  been  recommended  as  a  substitute  for  modi- 
fiefl  milk  in  feeding  infants. 
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TWEVRISE, 

The  urine  is  an  excretory  fluid  ihrovvn  off  by  animalsi.  It  is  pir- 
tially  filtered  from  the  blood  by  the  kidneys,  and  partly  elaborated 
by  these  organs  from  waste  materials  found  in  the  blood.  It  is  cora- 
posed  of  a  w*atery  solution  of  certain  inorganic  salts  and  nitrLigenous 
principles  which  are  of  no  further  use  to  the  body,  4\s  will  be  seen 
from  the  table  at  the  end  of  this  chapter,  human  urine  is  not  a  liquid 
of  uniform  cfjmfxisilion,  but  subject  to  ver%'  considerable  variations. 
These  variations  may  be  physiolt^gical^  or  they  may  be  indicative  ol 
diseased  conditions,  and  a  knowledge  of  them  is  essential  to  a  corred 
diagnosis  of  many  diseases. 

General  Physical  Properties,— Normal  urine,  when  fresh,  k  t 
fdear,  amber-colorcd»  transparent  liquid,  having  a  peculiar,  aromatic, 
ckaracteristic  odor,  a  bitter,  siline  taste,  a  distinctly  acid  reartion, 
and  a  specific  gravity  of  from  loiS  to  1022.  The  average  specific 
gravity  is  generally  given  as  10 18  to  loao.  When  it  is  passed  into  a  clesa 
vessel  and  kept  from  contact  with  atr,  it  will  undergo  but  slight  changes 
in  several  days. 


«« 


Camposltiaii.— TIte  uriiir  is  chief!"  :;  ?iy^lutinr  nf  uren  ami  certain 
lie  ami  iimryir  tfilu,  hoidini  ithdiui  ri^lb  Jtmi 

The  conifMisilseKi  will  be  ii  „-.. -  .  :  fh^  .  nd  nt  thi^ 

r,  with  iht  chief  ^smiiotL^  met  with  in  di-  ins,  aiwl 

^er  sLgrnifiQuic^.  The  iniiie,  like  milk  and  athti  .ku^jmi  \mui^^  is  nnt 
<rf  «Eiiistijjii  comiiositiim,  Ix  is  iiAimced  by  the  amount  of  wuter  and 
c^tsr  Euidt-  taken;   by  thjc  tempemturi'  of  the  *ikin;   b\   is  ivn^; 

In  ibe  bit H*d- pressure » lncii  nr  general ;  by  the iimounr  fif  ^^  the 

tiiiM^  uf  die},  the  age,  the  ic,\,  Iocmj,  thr  mfluence  of  mrd 
Qmintitj^ — The  qusntit}^  of  urine  paascd  in  h 
ivies  €aMa^asM%\  The  averaf^  daily  qyantit)  ps^iseci  hy  e  heitJthy 
wAA  mfRan  o^od  Tjd  iboo  ex.,  or  abnut  5c  fluidounccs.  The  quantity 
ci  iotil  aoiii&coB&med  in  thi^  i^  abiiut  ho  pjn.,  or  1000  grs.,  and  ahcvut 
[  ci' 'faic  solids  is  comjK^sed  iif  urea.  The  daily  quantity  h,  in 
,  fita^iartiaDal  to  the  bt^dy-wc^jht,  the  above  avcmircs  li^injE  those 
for  m  bodj^-^wBi^bt  of  nbout  150  lbs.      Children,  pri  ■  ^  ngc  of 

a  httle  more  in  jiroportion  ti«  their  twci.  ,.  adults, 

lii  a  lemi  cmplnyed  tc»  denote  nn  increa^^^ed  ^miiifBt  «df 

Olifuiia  isosBiitdaKiit  a  dm>  t  cluriiicu 

Anuria  15  ^bbS  *»  'dcgioie  comjii;..-  ..«j.f.,^^.k>ii  iif  tbe  seci^t<^  of 
urine. 

Iscfamm  is  itsod  Ui  deDote  enber  itu|^iiiaaiga  or  imemBioii «(  iijat 
inihelihdder. 

lacuntifM  kaa  IzrvcdEmctBZj  pas^fe  cf  mine,  <x  imA^Sky  to  re^ 
tain  it    Tbe  mine  iraoilfy  escapes  as  last  as  £«^c3«!r«vl. 

The  tncontiDaice  itf  idmtieiii  is^  the  m^ioiyinant'  pas^^  i^^  imi>e 
^m  an  overdi^ioided  bladder;   It  h  tbcpe§OFt  promkd  by  retentit^i). 

HjdmrtA  is  somedmes  used  I0  ifidicfcie  an  increase  <4  water  <m\!K\ 
while  the  urinafy  solids  are  nornuJ  in  mmciunt.  It  is  a  iarm  of  pcty^^ra. 
Since  the  rate  d  secretion  vme&  at  diffcf^cnt  times  in  the  day,  all  q\mn- 
tltative  measiumnems  should  be  for  the  twenty 'f<iur  b^urs. 

An  increased  quantity  of  urine  is  pa&>ed  after  dnnkinf^  Ut\iy  f^ii^n- 
titles  of  fluids — urina  potus.  This  is  cspcrblly  noted  .ifter  dritiking 
pure  water  or  water  containing  certain  salts  of  ihe  alkahue  miial^,  ,iflet 
drinking  beer,  wine,  coffee,  tea,  etc.;  diuretic  metlii  incs,  jfuch  a^  dtgilnlkii 
squills,  strophanlhus,  spirit  of  nitrous  ether,  |uni|>er,  ure:i,  vU\ 

The  quantity  of  water  secreted  by  the  kidneys  Is  Inrjrrly  drpcmlenl 
upon  the  blood -pressure  brought  to  bear  upiyn  the  gkitticrular  tufts  of 
capillaries.  The  mt>re  active  the  cirrulaliotJ,  tlit*  more  atlivr  the 
secretion  of  urine.  This  is  somewhat  m<xli(ic*l  l)y  the  iiiT**cn<e  «vr  idi- 
sence  in  the  blood  of  certain  substances  which  stininlate  I  he  t*pl(hfllal 
cells  of  the  tubulesi  as  urea,  sugar,  salts  of  atkallnc  rriettdR,  rtCi 
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Cubical  Sichenquics  ov  VAmiAXJOKs  in  the  VoLintE  Of  the  Twbstv-tovm 

Hotms'  Ukine. 


"3        Polyuria 
> 


Oligurm. 


Diseases. 


Renxl 


Nutritive 


Nervous. 
Esscnlinl. 


IcttersdlljiJ 
nephritis. 

Amyloid 

dcgeaeraljon. 

Diabetes 

melUtus. 
Diabetes 

insipidus 
(phospbaturia)» 

H>-5term, 

J  Epileps^r- 

\  Dementia. 


In 

febrile 
diseases. 


In  chronic 
affections. 


Rkmarss^ 


3  IQ  4  l''<"^ 
(66  to  IJOOU.), 

Trace  of  dbtuniDu 
2  to  6  LitciSr 
AJbumlti  +* 

J  GJucoac,  AcHone. 
\Diacetk  add. 

J  Urea  +  uric  and+ 
\     jihosph.  acid+* 


Tcwddty  l^sencd. 


I 


DermaUtis. 

Gout. 

Toxic  conditions. 

Of  tbe  heart. 
Of  respiratory  origans* 
'    Of  the  kidtie}'^. 

Of  the  liver  and 
uterus^ 


V  Addity  ino-eased. 

Albuminuria. 

See  saicfTjacojilc  tt* 
aminatioa. 


g 

Calculus  or  tumor* 

Confirm  bv  the 

1 

Supprvssian, 
or  anuria* 

Certain  forms  of  nephritis. 
Nervous  anuria. 

quantity   of  UK** 

Albuminuria  or 
hematuria. 

Traumatic  anuria. 

i  After  severe  burns  Of 
\     after  anesthetics. 

The  Color  and  Transparency.— In  health,  the  color  k  usually 
a  light  amber.  In  general,  the  greater  the  quantity,  the  lighter  the 
color;  and  the  smaller  the  quantity,  the  darker  the  ailor.  As  the  cok» 
deepens  by  concentration,  it  becomes  more  reddish.  The  color,  as  biJI 
as  the  quantity,  is  subject  to  great  variations,  even  in  health*  II  may 
vary  from  almost  as  dear  as  water  to  a  dark  yellowish -red,  according 
lo  the  degree  of  concentration.  After  drinking  large  quantities  o( 
fluids,  the  quantity  is  verv^  much  increased  and  the  color  is  light.  After 
severe  sweating  or  diarrhea*  or  in  abstinence  from  drinking,  it  bea»mcs 
concentrated  and  darker  in  color.     The  normal  color  of  the  urine  is  due 
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te  Sevcira!  more  or  less  closely  allied  pigments,  Ihe  chief  of  which  are 
urobilm  and  uroerTthrin*  These  coloring  matters  are  probably 
derived  from  the  biliary  coloring  matters.  The  abnormal  coloring 
matters  are  chiefly  those  of  the  blocxl  or  bile,  melanin,  hemoglobin,  and 
culoring  nia iters  due  to  medicinal  substances^  and  certain  vegetables. 
An  excess  of  the  normal  pigments  of  the  urine  may  be  expected  in  febrile 
conditions,  and  in  diseases  in  which  the  bltxxl-cells  are  undergoing  rapid 
destruclion.  Urobilin,  when  it  exists  in  excessive  quanlilies,  colors  the 
urine  a  dark  brownish -red,  even  without  concentration,  and  the  foam  of 
such  urine  is  of  a  yellow  or  yellowish -brown  color*  There  is  a  marked 
increase  of  urobilin  in  conditions  where  the  hepatic  cells  fail  to  perform 
their  proper  function;  that  is,  in  the  condition  known  as  biliousness. 
In  such  cases  the  skin  and  other  tissues  may  also  show  the  presence  of 
the  same  yellijw  color. 

Redd isJi- brown  urine  indicates  concentration  or  febrile  urine.  A 
4cep*ye!low  or  yeUowisIi-browtt  or  green  color  is  usually  due  to  bile. 
A  deep-red  color  is  due  to  blmxl  or  some  red  pigment  taken  as  medicine* 
A  dirty -blue  urine,  due  to  indigo,  is  stimetimes  seen  in  cases  of  cholera 
or  typhus  fe\'er.     Clear,  water- white  urine  is  usually  due  to  hvdruria. 

Color  Effects  of  Drugs,  etc  •—Dark*  QHsOH,  crecjsote/KCIOj, 
tar  J  etc*,  turpentine,  lerpin  hydrate,  sidol,  quinine  (sometimes),  jjheno- 
a>ll,  naphthalene,  anlipyrin.  Red:  Analgen,  cascara,  sulphonal  (sDme- 
llmcs  violet-red),  madder^  aloes,  and  magenta.  Yellow:  Thallin, 
santonin,  cascara,  rhubarb,  senna,  chrj'sophanic  acid,  and  gamboge. 
Blue;  Indign>,  methylene  blue,  and  pyokUinin.  Brown  or  brownish- 
black  urine  h  observed  in  patients  w  ith  melanotic  tumors.  The  color- 
ing matter  in  this  case  is  melanin. 

Transparency.— Normal  urine  is  transparent,  containing  onl)'  a 
flight  fiocculent  cloud  of  mucus,  visible  after  standing  a  few  minutes. 
If  the  urine  is  turbid  when  passed,  it  is  pathologicab  It  is  usually. 
turbid  in  all  diseases  of  the  urinary  passages,  from  the  excessive  amount^ 
of  mucus  and  epitheli^d  elements,  and  because  the  urine  in  this  con- 
dition readily  undergoes  alkaline  fermentation  in  the  bladder,  when  the 
Mftby  phosphates  are  precipitated  as  a  white  sediment.  In  fevers, 
the  cjuantjiy  of  urine  is  occasionally  so  small  that  the  urates  separate 
I  €%€n  in  the  bladder,  and  especially  is  this  the  case  in  certain  diseases  of 
diildrcTi,  where  oxidation  Is  deficient,  as  in  capillary  bronchitis  and 
pooimonia.  Admixtures  of  blood,  pus,  and  chyle  make  the  urine 
Imrfaid.  The  most  striking  turbidity  is  produced  by  the  iidmi?clure  of 
cbyie,  which  gives  It  a  milky- white  apjiearunce.  Here  the  milky 
appcomnce  b  ilue  to  an  admixture  with  the  urine  of  emulsifieil  fa  I  and 
inperfectly  dissolved  f>roleids.  Many  urines  which  are  clear  when 
become  lurbid  on  standing,  from  the  separation  of  the  acid  urate 
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of  SL>dium  or  ammonium.  The  turbidity  of  alkali ne  urine  has  already 
been  mentioned.  All  urines  become  turbid  on  standing  for  a  few  days, 
from  the  appearance  of  swarms  of  bacteria  in  the  solution.  Such 
turbidity  can  not  be  separated  by  filtration  through  paper.  They  can  be 
removed  by  shaking  the  urine  with  some  insoluble  powder  and  repeated 
filtfEtlon.  Pow^dered  gbss,  silica,  or  talcum  answers  the  pur|K?se-  A 
beavy,  white  sediment  is  usually  composed  of  pus  or  earthy  phosphates, 
'The  latter  dis&f>lves  on  acidifying  the  urine  with  acetic  acid.  The  former 
does  not.  A  buff- colored  or  pink -red  sediment  is  usually  com|K>sed  of 
acid  urate  of  sodium.  It  dissolves  on  warming  the  urine.  A  deep-red 
gritty  sediment  is  usually  uric  acid. 

Specific  Gravity p — This  varies  in  health  from  1015  to  102S,  ac- 
cording to  the  degree  of  dilution  or  concentration.  Pathological  urirj^ 
may  vary  from  almost  that  of  water  to  1050,  As  a  rule,  the  urine  of 
Bright's  disease  is  of  low  specific  graviiy,  while  in  diabetes  mellitus, 
organic  heart  diseases,  and  in  all  acute  fevers,  it  is  of  high  specific  gravity. 
The  s|>ecific  gra\  ity  of  urine  is  generally  determined  by  the  urinometer, 
which  is  a  small  hydrometer  graduated  to  include  the  variations  in 
i.5jiecific  gravity  found  in  urine,  {See  p<  5,)  It  is  usually  gradu- 
ated so  that  only  the  last  two  figures  of  the  specific  gravity  appear 
UiK>n  the  stem,  so  as  to  read  correctly  at  60°  F.  When  the  tem- 
perature of  the  urine  is  alx^ve  60°  F.,  it  will  be  sufficiently  accurate 
for  clinical  purposes  to  add  one  degree  in  specific  gravity  for  every  3^ 
C.  (5.4*^  F.)  in  temperature — 1\  e.,  if  it  read  10 18  at  So^  F.,  it  would 
read  1024  at  60*^  F.  The  ordinary^  urinometers  of  the  market  are  apt 
to  be  unreliable.  It  is  best,  therefore,  to  test  the  instrument  by  careful 
determinations  of  the  specific  gravity  of  solutions  of  common  salt,  with 
the  specific  gravity  fiask^  and  compare  the  readings  of  the  urinomeler 
with  these  determinations. 

The  urinometer  is  used  as  follows;  The  urine  is  placed  in  the  up- 
right jar,  or  cylinder,  w4de  enough  and  deep  enough  to  allow  the  in- 
strument to  float  freely,  W'hen  it  has  come  to  rest,  the  surface  of  the 
fluid  in  the  jar  is  brought  to  the  level  of  the  eye,  and  the  reading  taken 
at  the  lower  edge  of  the  meniscus  formed  by  the  upper  surface  of  the 
urine.  The  mark  on  the  instrument  w^hich  is  cut  by  this  line,  and  which 
can  be  distinctly  seen,  is  taken  as  the  correct  reading.  If  the  urine  be 
turbid,  this  method  can  not  be  employed,  as  the  reading  will  be  more  or 
less  uncertain.  Should  the  quantity  of  urine  at  hand  be  not  enough  to 
fioat  the  urinometer,  it  may  be  diluted  with  an  equal  volume  of  water, 
the  specific  gravity  taken,  and  the  last  two  figures  multiplied  by  two,  to 
get  the  true  specific  gravity. 

Clinical  Significance  of  Specific  Gravity^  or  Density,— The 
specific  gravity  is,  in  general,  a  guide  to  the  secreting  power  or  efficiency 
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of  tlie  kidneys,  the  activity  of  the  circuklion,  and  the  activity  or  condi- 
tioii  of  bod^y  metabolisin.  When  the  kidneys  are  diseased  the  urine 
is  apt  to  be  of  low  specific  gravity,  though  not  necessarily  so,  as  other 
Gooditions^-^as  fever,  caxdiac  disease,  etc. — mtxlify  it. 

Specific  gravity^  when  taken  with  the  quantity  passed,  is  of  use  in 
calculating  total  solid  matter  passed.  l*he  amount  of  solid  matter 
fixcietcd  in  twenty-four  hours  by  an  average  adult  man  is  abcmt  60  to  65 
gra*,  or  1000  gr.  The  last  two  figure  of  the  specific  gra\  ity  very  nearly 
ejqire:^5  the  number  of  grains  in  each  Buidounce  of  normal  urine.  By 
multiplying  these  two  figures  by  the  number  of  ounces  passed  in  Iwenty- 
four  hours,  we  obtain  approximately  the  number  of  grains  of  solid 
matter  passed  in  twenty-four  hours.  Various  experim enters^  have  sought 
a  coefficient  or  formula  by  which  to  adculate  the  result  in  grams  i>er 
HtCT.  Trapp  obtained  the  number  2;  Loebisch,  2.2;  Christison  and 
Ilaeser,  2.33.  Thus,  if  a  given  urine  has  a  sp,  gr,  of  1020,  it  wiU  cuntatn, 
approximately,  30  X  a. 2  =  44  g^"^  p^r  liter.  If  the  quantity  of  this 
same  urine  be  1200  c.c,  per  twenty-four  hours,  then  the  total  scilids  will 
be  found  by  multiplying  the  above  result  by  the  numl>cr  of  liters  —  44 
X  1.2  ~  S^*S*  The  most  striking  variations  from  the  normal  s<>lids 
will  be  found  in  diabetes  mellitus  and  in  the  various  forms  of  nephritis* 

Urine  is  paihological  if  we  observe: 

t*  Specific  gravity  high,  color  high,    nuaniity  small. 

1.  "             "          "        *'    pair,           *'         krge, 

3.  "  •*        low,      "    high,          "         lai^e. 

4.  *'  "          **        "    very  j>alc,  "        smalL 

If  urine  is  persistently  below  1015,  suspect  albuminuria  and  nephri- 
tis; if  below  looS,  suspect  albuminuria  or  hydruria.  If  persistently 
atiove  1055 J  color  pale,  and  quantity  bcreasedj  sust>ect  diabet^ 
mellitus. 

If  persistendy  above  1025,  color  high,  and  quantity  diminished, 
suspect  fever,  cardiac  weakness,  profuse  sweating  or  diarrhea,  or  excess 
of  urates  or  uric  acid. 

Raaction* — Normal  urine  is  faintly  acid,  chiefly  due  to  H^NaPOi, 
and  gniws  more  acid  for  a  few  hours  after  being  voided,  due  to  the  so- 
callctl  **acid  fermentation."  During  this  period  of  acid  fermentation 
there  is  frequently  deposited  a  whiiish  or  pinkish,  or,  at  times,  reddish 
sediment,  due  to  the  separation  of  the  acid  urate  of  sodium  or  to  a^-^slals 
of  uric  acid.  Thb  sediment  disappears  again  on  warming  the  solution* 
On  standing  still  longer  exposed  to  the  air,  the  acidity  grows  less  and  at 
the  same  time  an  odor  of  ammonia  begins  to  be  developed,  and  finally 
the   reaction  changes  from  acid  to  alkaline,  with  a  strong  odor  of 
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ammonia,  and  more  or  less  odor  of  pulridily*    This  change  k  i 
by  the  conversion  of  urea  into  ammonium  carbcmale, 

CO{NH,),  -I-  aH,0  ~  (NHj.COr  | 

This  change  is  sometime  called  the  "alkaline  fermentation.'* 

The  rapidity  with  which  these  changes  take  pbcc  is  dependcot  upon  ihe 
composition  of  the  secretion,  and  iiix>n  the  temperature,  taking  pkce 
more  rapidly  in  warm  than  in  cold  temperatures.  An  abundance  of 
mucus,  which  can  usually  be  seen  after  a  few  hours  as  a  light,  tloccukut 
cloud,  settling  near  the  bottom  uf  the  vessel  containing  the  fluid,  greatly 
hastens  these  fermentative  changes.  This  is  especially  the  ca^e  if  ibe 
bladder  or  the  kidneys  are  in  a  diseased  condition.  There  is  produced 
with  the  mucus,  especially  in  diseased  conditions  of  the  bkidder^  a 
peculiar  soluble  ferment,  which  hastens  the  decomposition  of  urea  and 
the  production  of  ammonium  carbonate. 

Method  of  Determining  the  Reaction,— The  reaction  of  urine  I 
best  tested  by  dropping  a  small  piece  of  a  red  and  a  blue  litmus 
into  the  solution.  If  both  are  found  red  after  a  few  m  inutes,  the  reai 
is  acid.  If  both  are  blue,  it  is  alkidine.  If  they  remain  unchanged,  the 
reaction  is  neutral.  If  the  alkalinity  be  due  to  ammonium  carbonate, 
the  red  paper ^  on  drying  and  wiuming  over  a  Qame,  turns  red  a^b* 
If  due  to  the  fixed  alkahes,  it  remains  blue  on  drying  and  wanning. 

The  fermentaeioti  of  urine  is  due  to  certain  micro-or^msms,  of  which  the 
micrococcus  ures  is  the  best  known.  Normal  urine  is  free  from  these  orgaaisms 
when  passeri,  hut  in  certain  abnorraal  conditions  it  may  undergo  an  alkaline  kr- 
mentation  while  sliU  in  the  bladder,  and  that  apparently  without  the  inLcrrcfitkin 
o$  these  organisms.  It  has  been  found  that  the  fermentation  may  take  plit^^  la 
the  presence  of  an  amount  of  carbolic  acid  which  is  fatal  to  the  develops 
microorganisms*  It  has  been  assumed  that  an  enzyme  is  secreted  with  th 
mucous  secretion  of  vesical  catarrh,  which  possesses  active  hydrolviic  pow 
solution  of  urea*  As  the  urine  bccom.es  alk^ne  from  the  production  of  ammon 
carbonate,  it  becomes  turbid* 


a  and 
actioffH 


The  phosphate  of  calcitun  and  the  ammonium-magnesium  phosphali 
which  separate  when  the  urine  become  alkaline,  and  to  which  thr 
turbidity  is  partially  due,  are  generally  called  the  earthy  phosphates. 
Tlie  latter  of  the  two  above  mentioned  is  called  the  triple  phosphate, 
and  is  found  in  aU  alkaline  urines. 

Estimation  of  Acidity.— The  acidity  of  the  urine  diminislia 
slightly  after  a  full  meiil.  It  follows  very  nearly  the  acidity  of  tlie 
stomach  contents.  It  is  increased  by  gastric  fermentation  and  ifl 
h>perch  lor  hy  d  r  ia . 

The  Jicidity  of  the  urine  increases  with  the  amount  of  uric  acid  e3ccrtrted. 
total  acidity  of  normal  urine  is  ctjuivaJent  to  tht:  acidity  of  3  to  4  gtn.  of  ai 
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ickl  ]'n  twenty-four  hours.     The  greater  pait  of  this  aciility  h  due  Id  ihe  add  i^ 
dium  phosphate  produced  hr  the  reactioii  of  tnit  acid  tipoo  Na^jPO^  and  llic  re^  is 

due  to  ihc  urgamc  adds,  niti^  likely  kctk* 


The  acidity  may  be  eslimnted  by  a  dednormal  solution  of  sodium 
hydroxide:  25  c.c  of  the  urine  are  diluied  with  75  c-c.  of  water  in  a 
beaker;  3  drops  of  an  alcoholic  ^luiion  of  pheooiphthalein  are  added, 
and  the  decinormal  alkali  run  in  from  a  biuietie,  until  a  slight  pink  color 
is  produced.  The  urme  must  be  fresb  for  this  esiimation.  Instead 
of  phenolphthalein,  we  may  use  blue  litmus  paper  as  an  indicator^ 
taking  out  a  drop  of  the  solution  on  a  glass  rod  from  time  to  time^  and 
touching  the  paper.  A  violet  tint  indicates  neuUalhy.  The  acidity  may 
be  calculated  as  phosphoric  acid,  as  acid  sodium  phosphate,  or,  as  is 
frequently  done,  as  oxalic  acid.  Each  c.c.  of  the  decinormal  alkali  is 
equivalent  to  Q.0049  S™-  ^^  phosphoric  acid,  or  a.012  gm-  (0^1198  more 
exactly)  of  acid  sodium  phosphate,  NaH^O^,  or  0.0063  ^^  oxalic  acid; 
100  c.c,  of  urine  should  require  from  20  to  40  cc  of  f^  NaOH- 

Odor, — The  odor  of  normal  urine  has  been  d«scril>ed  as  aromatic. 
A  putrid  odor  is  due  to  the  products  of  decomposition^  Occasionally 
the  urine  is  putrid  when  passed,  the  putridity  being  due  to  the  decoro* 
position  of  pus,  albumin,  or  some  other  foreign  matter  mixed  with  the 
urine  in  the  bladder.  Sulphuretted  hydrogen  sometimes  occurs  in  the 
urine,  and  a  fecal  odor  is  occasionally  met  with,  indicating  a  fistulous 
opening  between  the  bladder  and  the  intestine,  or  an  abscess  between 
the  bladder  and  recttun,  or  an  infection  of  the  bladder  with  the  colon 
badilus.  A  number  of  substances,  iivhen  taken  internally,  cause  the 
urine  to  assume  a  characteristic  odor.  Many  aromatic  substances 
impart  their  odor,  as  oil  of  turpentine  (giving  the  odor  of  violets), 
^^^bcbs,  copaiba,  asparagus,  garlic,  valerian,  etc* 

^^^  moRGAHic  coifSTrnjEirrs  of  the  uioiie. 

^V      The  urine  contains  certain  inorganic  salts,  especially  the  chlorides 
'     of  potassium  and  sodium,  the  phosphates  of  potassium,  sodium,  mag- 
nesium, and  calcium,  the  sulphates  of  some  of  these  metals,  and  salts 
of  several  aromatic  ethereal  sulphuric  acids.    These  salts  are  tested 
for  by  the  detection  of  the  corresponding  acids. 

Ash, — WTien  too  c-c.  of  normal  urine  is  evaponited  to  dnntes,  from 
3.3  to  4,0  gra.  of  solid  matter  Is  obtained.  One  fourth  of  this,  or 
frora  0,8  to  I  gm.,  is  ash  or  inorganic  constituenls.  In  certain  diseases 
this  ratio  is  greatly  disturbed.  In  diabetes  the  ratio  becomes  about 
1 :  i_5,  while  in  phthisis  it  ts  sometimes  as  low  as  i  to  4  or  even  lower. 
The  ash,  or  total  mineral  matter,  is  determined  by  evaporating  a  known 
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volume  of  the  urine  to  dryness^  caytiously  igniting  the  residue  until 
aU  organic  nritter  is  burned  off,  and  weighing  the  residue. 

The  Chlorides. — For  the  detection  of  the  chlorides,  add  a  few 
drops  of  nitric  acid,  and  then  a  solution  of  silver  nitrate  (i  :  20).    The 
chloride  of  silver  se[>arales  as  a  white,  curdy  precipitate^  which  should 
occupy  not  more  ihan  one- fourth  the  volume  of  the  urine  taken.    If  the 
settled  fjrecipitate  occupies  much  more  or  less  ihaji  one- fourth  the 
volume  of  the  quantity  of  urine  taken,  the  quantity  is  increased  or 
diminished.     It  is  always  best,  in  making  this  testj  to  compare  the  speci- 
men under  examination  with  normal  urine.     In  most  cases  this  approxi- 
mate estimation  of  the  chlorides  will  be  all  diat  the  clinician  will  demand.  ' 
Occasionally,  however,  it  becomes  necessary  to  make  a  more  accurate  \ 
I  det^niination.     For  this  purpose  it  is  necessary  to  have  a  decinormal ' 
solution  of  silver  nitrate — 1.  ^.,  a  solution  containing  16.997  gm.  of 
pure  silver  nitrate,  dissolved  in  a  liter  of  distilled  water. 

Quantitative  Estimation  of  Chlorides^— Dilute  to  c.c,  of  ihc  urine  widi 
about  50  LhL\  iif  watLTi  and  add  a  few  drajis  of  a  rather  strong  solution  of  potassium 
ehTomat«u  Novv  drop  the  silvef  ^ution  from  a  graduated  burette  cLrop 
by  drop,  until  a  [jermansnt  reddish  color  indicates  that  the  ehiorine  has  all  been  [ 
prcctpiiaicd,  and  that  the  silver  has  begun  to  form  silver  thromate.  Ten  c,c,  of  i 
urine  usuaUy  requires  15  to  20  c.c*  AgNO,  snlution*  One  c.c.  of  silver  solution 
repmscnta  0*0035+  ^m^  of  chlorine,  or  0.00585  gm.  of  NaCl.  In  highly  colored 
unncs  Ihb  meth'wl  is  sometimes  inapplicable,  owing  to  the  rbangc  of  color  being 
masked  by  the  color  of  the  urine.  In  such  cas«^  it  k  best  to  dilute  the  urine 
until  the  color  is  of  a  pale  straw  tint  While  this  method  is  not  extremely 
accurate,  it  is  sufficiently  so  for  clinical  purposes. 

The  Phosphates.— About  two- thirds  of  the  phosphoric  acid  ex:ists 
hi  the  urine  combined  whh  the  alkaline  mctak,  and  one-third  with  lime 
and  magnesium.  These  phosphate,s  are,  therefore,  generally  distin- 
guished by  the  terms  alkaline  and  earthy  phosphates. 

The  acidity  of  the  urine  is  chiefly  due  tf»  the  acid  scxlium  phosphate, 
NaH^PO^,  Sodium  phosphate,  Naj-HPO^,  is  neutral  in  reaction,  and 
NajPOi  is  aikaline. 

In  acid  urines  we  have  Nall^PO^,  Na^HPO^,  CaHPO^,  CaH,(POJ„ 
and  MgHPO<;  while  in  alkaline  urines  we  find  In  solution  NajPOi, 
and  as  precipitates  OiaCPO^),  and  MgNH^PO^. 

_  Detection.— Earthy  Phosphates,— By  adding  an  alkali  to  normal 
urine  the  phosphates  of  ailcium  and  magnesium,  termed  earthy  phos- 
Iphates,  are  precipitated.  When  NH^OH  is  addend,  all  the  ma^gnesium 
'  present  is  precipitated  as  NH^MgPO^.  The  phosphates  of  sodium  and 
potassium  remam  in  solution.  The  earthy  phosphates  may  be  ap- 
proximately estimated  by  adding  a  few  drops  of  ammonium  hydroxide 
solution  to  the  urine,  and  observing  the  amount  of  turbidity  produced 
after  boiling.    This  may  be  quickly  done  by  the  use  of  the  centrifuge. 
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in  the  graduated  tube,  and 
By  comparing  ihb  wilh  the  ^ 
DormaJ  mine,  it  will  ra  " 

Alkaline  Phosphates.— Tbc  albfiK  pfcu^tr^  maj  be  detocied 
m  the  filtrate  from  the  eanfay  piio^ifaties»iylheadtBtiDPclaieydrops 
of  MgSO«  solution  aod  §D[De  XH^  Th»  pccdpiuie  alioiild  be  abont 
twice  as  voImDiDotis  as  that  prodooed  hy  tie  carthr  pijoaphateBy  miKi 
whether  in  ejccess,  Qonnai,  or  deficient,  naj  best  be  delenmincd  bf 
compwsoa  with  normal  uHnc.  The  exact  quantitathe  csttoiAlMKi  vi 
the  phosphates  is  rardy  lequiied- 

Stilphates* — Sulphuric  acid  ocons  m  ibe  tiriiie  partlf  Id  com- 
binxihon  with  the  metals,  and  partly  in  owihmaiipo  inib  certain  arp^ 
matic  bodies  of  putrefacti^-e  o(r%in,  called  colleLtifelj  the  ethereal 
sulphates.  The  most  important  ^  these  are  phexiol-  aul  o^ot-pota^ 
sium  sulphates,  indo^nri-  and  skatoxyl-potasttm  sulphate  PJ^^ 
ca  tech  in-  and  hydrochlooctfiotasaum  sulphates.  The  two  classes  of 
sulphates  are  generally  dsUagulsbed  as  the  pnefonned  or  lEitiieial 
sulphates,  and  the  conjugate  or  ethereal  sulphates.  About  nine- 
ten  thi  of  the  total  sulphuric  acid  is  combined  wilh  the  metals  or  is 
preformed*  About  one- tenth  exists  as  ethereal  sulphates  of  potassium. 
(See  p.  649^) 

Detection.— The  preformed  H^SO^  is  detected  by  the  addition  of 
BaCl^  in  the  presence  of  free  HCL  It  appears  as  a  fine,  white  precipi- 
tate of  BaSO^,  renderitig  the  solution  opaque  and  milk-like  in  ap- 
pearance. An  approximate  estimate  may  be  made  by  comparing  the 
turbidity  with  that  of  normal  urine  treated  in  the  same  w^ay.  An  exc^s 
of  sulphuric  acid  may  be  due  to  the  taking  of  an  excessive  amount  of 
sulphates  with  food  or  drink* 

Ethereal  Sulphates.— It  is  the  ethereal  sulphates  that  haire  the 
chief  dinical  interest.  They  are  derived  from  the  putrefactions  of 
proteids  somewhere  in  the  body.  In  Ihe  absence  of  any  other  source* 
an  incr^jcd  quantity  of  them  present  in  the  urine  is  usually  taken  as 
evidence  of  Int^tinal  putrefaction.  They  are  decomposed,  on  boiling 
with  dilute  mineral  acids,  into  free  sulphuric  acid  and  the  aromatic 
substance.  The  sulphuric  acid  which  they  contain  is  not  precipitated 
in  the  cold  by  a  slightly  acidulated  solution  of  barium  chloride.  An 
approximate  estimation  of  the  ethereal  sulphuric  acid  may  be  made 
by  precipitating  the  urine  w*ith  an  excess  of  barium  chloride  and  a  few 
dit)ps  of  hydnKrhloric  acid,  filterii^  off  the  precipitated  BaSO^,  and  then 
adding  to  the  filtrate  one-lenlh  its  volume  of  pure  HCl,  bringing  the  solu- 
tion to  boiling,  and  then  hating  on  a  water-bath  for  one  hour*  The 
BaSO^  obLiined  after  this  treatment  of  the  hltrate  repr^ents  the  sul- 
phuric acid  existing  as  ethereal  sulphates. 
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CLmical  Variations  of  the  Inorganic  Salts. — The  most  fmportiint 
inorgjinic  consiiluents  of  urine,  from  a  diagnostic  point  of  %iew,  are  t' 
chlorides,  phosphates,  and  sulphates.     We  may  include  among  tb 
for  convenience^  calcium  oxalale,  ahhough  the  acid  is  organic. 
Chlorides, — Daily  amount,  lo  to  15  gm.  (150  to  200  grs*). 
I  creased  :  i .  After  muscular  exercise. 

After  taking  much  food  or  drink. 

During  absorption  of  exudates. 

In  acute   B right's  disease,  diabetes   insipidus' 

and  ague,  after  the  chiM, 

J}imimsh€d :  i .  In  all  acute  fevers,  especially  acute  pneumonia* 

(Increases  after  crisis*) 

2.  During  formation  of  exudates  and  dropsies, 

3.  In   chronic  nephritis,  certain  dyspepsias^  dlarm 
rheas,  cholera,  ty^ihoid. 

Phosphates, — Daily  amount  of  phosphoric  acid,  2  to  4  gm.  (30 
to  60  grs.).  The  ratio  of  PjOj  to  urea  h  fairly  constant  in  health  at  t 
to  10. 

Increased:  i.  After  mental  work,  hysteria^  certain  nervous  dis» 
eases,  or  won}% 
a.  After    muscular   exertion,  meat    diet,  copious 

drinking  of  fluids, 

3.  Rachitis,  osteomalacia,  early  phthisis,  diabetes 

mellitus,   phosphatic  diabetes,   some   fe\Trs* 

Diminished:  Most  acute  diseases^  renal  diseases,  rheumatism, 

gout,  pregnancy. 

Sulphates.— Daily  amount  of  sulphuric  add,  1*5  to  3  gm,  (2* 

to  45  grs.). 

Sulphuric  acid  occurs  as  preformed  and  as  ethereal  sulphates.. 
Little  diagnostic  value  is  attached  to  variations  in  the  preformed 
sulphates.  | 

Increased:  i.  Meat  diet,  prolonged  exercise,  after  taking  sul- | 

phur  compounds,  1 

2,  Fevers,  rheumatLsm,  pneumonia,  delirium  tre-| 

mens,  cerebral  meningitis.  : 

Diminished:  i.  Vegetable  diet  (usually),      .  1 

2,  Nephritis,  chlorosis,  chronic  diseases  generally,  < 

Ethereal  Sulphates  are  Increased :    After  a  vegetable  diet  and  • 

from  putrefaction  of  proteids  in  the  intestines. 


of 


Carbamid,  or  UfM.— CO(K^)r    Cicb  ^  ta^ 
stltuenl  of  tbe  mu^  is  it  ii  Ik  T 
the  body. 

As  about  85  to  88  per  i 
csaipt^  from  Uie  bod^  in  thr  laai  cf  1 
a  measure  of  the  tjssue  cfangEH^  proiihri^  «I  i 
are  able  to  dimimle  w"       ~  -       - 

eased  there  is  nsuallj  m  iliainwlwd  Mmuig  <iCi 

The  quantity  of  urei  k  a  msUcr  fif  j 
metabolbm,  and  m  the  stndl'  €l  1 

Detection*— Urm  maj  be  deiisciiil  lijr 
urine  on  a  |^ass  stidcr  iiioisteiiiiii^  tlif  : 
ing  it  to  aystaJlize;  mnd  mnniiitng  the  ortfab  of 
(NHi)^HNO„  under  a  txaaoscopt  of  lov  popv^r. 

Estimation*— The  estimatsoti  of  tma  in  nrise  b  a 
slderable  importatice,  as  it  Is  geofsmttf  lookcii  i^rmi  as  an  i 
nitrogenous  metabolism  goli^  €Q  in  Ik  boify,  cr  of  the 
power  of  the  kkiney^.    Hie  q^uidtf  of  urea  cxcreud 
hours  by  a  healthy  adult  of  150  poiinib  bodf-v^^d,  aial  doii^  onUraaiT^ 
\^^ork,  15  usually  stated  to  be  from  30  to  jj  gpi^  or  from  430  lb 

The  quantitr  is  increased  by  an  increased  ooasumpdoii  of  nftrogcooils 
food  or  by  hard  work,  and  k  h  dimi&khed  by  a  noo-nilrogciioiis  did 
and  by  little  exercise.  In  estimitiiig  irli&t  sitcmld  be  ic^mded  as  a  nor- 
mal amount  of  urea,  the  oonditbn  of  the  patienl,  as  to  es^rrtsef  a|>petite, 
and  dietary,  should  be  taken  into  account.  Roughly h,  in  the  absence  of 
sugar^  albumin,  and  other  abnormal  ingredients^  the  urea  may  be  re^ 
garded  as  one-half  the  total  solids.  The  more  accurate  quantitative 
^tinmtion  requires  so  little  time^  apparatus^  and  skill  that  it  is  now  very 
gienerally  empbyed.  The  determination  is  babied  upon  the  fact  that 
urea  is  decomposed  by  alkaJbe  hvpxhlorttes  or  hypobromites  into 
carbon  dioxide ,  water,  and  nitrogen. 

CO(NHJ,  H-  jNaBrO  -  ^NaBr  +  CO,  +  3H,0  4-  NV 

One  c.c.  of  nitrogen  at  the  ordinary  temperature  and  pressure 
cDrresponds  to  about  0.0077  g^-  ^f  urea. 

The  liberated  N  escapes,  and  may  be  collected  and  measured,  while 
the  other  products  of  the  reaction  remain  in  solution. 

The  hyfjobromite  solution  h  prepared  as  follows:  100  gm*  of  NaOH 
are  dissolved  in  250  ex.  of  water,  and  to  this  sokitii>n,  when  cold,  $$  c.c, 
of  bromine  are  added,  and  the  solution  kept  cold ,  This  solution  conlaini 
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sodium  hypobromite,  hydroxide,  and  bromate.     The  solution  should  be 
freshly  prepared,  as  it  readily  undergoes  decomposition. 

Method  of  Doremus^ — \'arious  forms  of  apparatus  have  been  devised  for 

quantitative  estimation  of  tirea*  One  of  the  simplest  of  those  is  the  one  de^'ised  by 

C.  A.  Doremus,  which  is  represented  by  %uie  67.  The  tukj 
A,  is  filled  with  the  above-mentioned  solution  of  hypobro- 
tmte,  and  i  c,c,  of  urine  is  introduced  with  the  pipette^  B,  as 
nearly  as  possible  at  the  center  of  the  lower  portion  of  the 
upright  limb.  The  tirea  is  decomposed  and  the  N  rises  lo 
the  upper,  closed  end.  After  the  decomposition  m  complex 
the  urea  is  determined  by  reading  the  graduatkctt  At  tk 
surface  of  the  column  of  liquid.  Thb  urcometcr,  aixoni- 
ing  to  the  graduation,  gives  either  the  milligrams  of  unra  in 
1  c.c*  of  urincj  the  percentage^  or 
grains  per  Buidounce* 

The  Author's  Method,— Owing 
to  the  instability  of  this  solution  ana 
the  e^cesavdy  disagreeable  handling 
of  bromine,  the  author  employs  a 
solution  of  sodium  hypochlorite^  or 
chlorinated  soda,  with  the  addition  of 
K  Br.  This  sol  utio  n  acts  as  well,  by  the 
method  to  be  described^  as  the  above* 
The  author  uses  a  graduated  tube 
about  I  cm.  in   diameter,   about   50 

cm.  long,  and  clewed  at  one  end.     The  graduations  indi- 
cate at  once  the  number  of  grains  of  urea  in  a  Buidounce 

of  urincj  when  t  c.c.  is  take  it  for  the  estimation,     (See 

Fig.  68.)      The  ordinary  gas- tube  may  be   used^  when 

the  reading  will  give  the   c.c  of   nitrogen,   from  which 

the  urea  h  calculateid* 

The  process  is  conducted  as  follows:  A  twenty  per  cent 

solution  of  KBr  is  added  to  the  fifth  di'^ision  of  the  ure* 

ometer.     Chlorinated   soda    solution    (Squibb's)  is  then 

added  to  the  Mtecnth  or  twentieth  division.     The  tube 

is  now  inclined  and  pure    water    poured  carefully   down 

the  side  of  the  tube  and   floated   upon   the   top   of  the 

fluids  already  in  it;  i  c.c  of  urine  b  then  added,  in  the 

same  inclined  position,  so  that  it  will  not  mix  with  the 

reagents  below,  but  remain  in  the  water  at  the  surface  of 

the  fluid.   The  tube  is  now  firmly  grasped  in  the  right  hand, 

with  the  thumb  tightly  pressed  upon  the  open  end.     The 

tube  is  now  inverted,  and  the  contents  well  mixed  by  slowly 

inverting  the  tube  a  few  times*     A  rapid  decomposition 

takes  placCi  which  is  usually  ended  in  from  three  to  five 

minutes.     During  thi^  time  the  liquid  is  kept  agitated  with- 

out  violent   shaking.     As   socm  as  the  efferv^ccncc  has  ceased,  the  reading  0 

taken   at   the   surface    of  the    f!uid,  with   the  tube   still    held  m  the  invatisl 

position.     It  is  now  opened  under  water^  when  the  column  of  fluid  in  the  Itibc 

wiU  fall,  and  the  reading  is  again  taken.     It  is  best  to  have  a  wide»  deep  jar  for  the 

water,  so  that  the  tube  may  be  depressed  to  bring  the  surface  of  the  liquid  in 

the  tube  to  the  surface  of  the  water  in  the  jar;  but  an  ordinary  bowl  may  be  usp^ 


4 


0 


V 


FiQ.  6S. — UtBoiinii. 


6*7 


k 


■s  the  cfTOT  caused  by  the  difiensc 
slight.  Tlie  difference  in  tlie  tipp  i 
s  6uidoutice  of  unnt^  Tlui  4|U 
passed  m  twenty-four  hmit%  p*e 
hours,  which  sbo^  be  net  far  fiiM 


laktd^l 


€f  15D  pottDds  bocfy- 
be  ic^nled  ^  psibo- 


A  kss  quandty  than  350  gr 
Wig^t,  who  Is  eating  the  ttsiai 
logical,  and  su^icious  ai  itenal  ie 
insuffidenc>% 

Clinical  Significance. — Hie  origlii  erf  tucft  in  the  bod}r  has  bceo 
the  subject  of  a  great  dc^  cf  dipanwriM  and  tspummM.  That  m  do 
doubt  thai  its  origin  is  tti  tlic  ik<iiiiniilii«  of  wmaaJm  omI  ollMr 
tissues  The  hnrnfdialr  aumaJi  iiiu  ef  loea  aire  Moanoim,  oaaliBa 
neatinin,  ^ycoctn^  leudn,  iffie  acidy^aad  o^kt  tmrnhm  of  Hit  MMmo- 
acid  class.  The  seat  of  the  ffcamg^  itf  diae  bcdici  islo  uiea  b  be- 
lieved to  be  lajgdj  m  the  Imr.  The  eHdcuce  of  1^  m  the  cue  of 
letidn,  is  direct^  and  tiio^  is  locrcaMg  cridoKe  ifat  tUs  oi^ia  ii 
krgdy  concerned  in  the  Sfsthetk  rfaainpfi  vhidi  lead  to  the  kxvmr 
tion  of  urea  tn  mammak  and  of  sric  ^d  m  btnb.  Scktmedtr  hm 
^own  that  the  cmifffiJM  of  (BTH^O,  nlo  ma  oopm  m  the  Gvcr, 
and  Minkoirski  has  aiho«m  a  noiftir  n^ilofi  lo  tlie  iomitioii  of  uric 
add  in  birds.  When  the  liver  m  diseajed,  kociii  and  tymrin  escape 
conversion  and  appear  m  the  nrw^  and  at  ihe  aarae  tiam  theiie  is  a 
marked  dlmiosilioD  in  the  exottipii  ci  mea*  It  m  ako  prDbable  that 
some  urea  is  formed  in  the  ceib  fining  the  tahoiea  of  the  lidaefs.  A 
diminutbn  in  ihe  dailf  exoetioai  of  tnea,  thov  ^ 
of  bepatic  or  Teml  function,  a  T 
or  a  lessened  ingi^tioo  of  iiilnn§imnM  ftiod* 

A  diminisiied  junctional  activity  of  other  Ihe  nsaJ  or  hepotit  ocfls 
will  sbowfls^bradiinloiitiMiof  ureaaadaa  incjcaie  of  other  nitrog- 
enous  products  In  the  urine.  If  thi»  acttwiij  h  ray  greaiiv  lescaed* 
ufemia  is  Hkdj  to  derelop.  Urennc  ^mptooM^  then,  may  be  of  cither 
imal  or  hepatic  origin,  ^lien  an  ***^ ■«■"'«■*  shows  a  dcfideocx  is  the 
amount  of  una  excreted,  it  should  be  Iblloved  bj  an  citmiatiDii  of  the 
li94al  nitrofm.  Wl^en  the  total  nitii30B  is  normal  aivl  the  area 
bdow  normal,  there  k  probabif  no  defidenqr  m  the  »aetii^  pontj  of 
the  kidney,  but  defective  bcps&  fonetion.  Uliin  both  toea  a2id  total 
nitrogen  are  ]o v,  the  reDal  permrahilitj  m  dimniiibed,  or  the  *— «Mrf  of 
food  takoi  or  the  gmneral  metaboliaB  m  hnvcred.  An  estimation  of 
total  nitrogen  is  a  better  Index  of  tisiiBe  metaboiwiB  than  an  estimatinn  of 
urea.  One  hundred  gm.  of  mii^rl^  contain  abotit  3.4  gm.  of  nftroggi^ 
corre^ocMiaig  to  7,  jS6  gm.  of  urea.  One  gramme  of  mea  h  thus  eqoal 
to  I J.71  gm.  of  wittfrl^  ix-,  I  gm,  nttrogjen  is  equal  to  39-4  gtn.  ef  mosdc; 
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As  the  amount  of  urexi,  nr  lotitl  nilrogen,  excreted  must  vary  with  the 
amount  of  nilrogea  taken  as  food, a  mere  statement  of  the  amount  of  these 
found  in  the  mine  ain  not  mean  much  unless  it  take  into  account  the 
amount  of  nitrogen  ingested,  the  body -weighty  and  other  evidencei^  of 
renal  [>erraeabilily. 

For  every  icx>  lbs.  of  body- weight,  an  adult  ought  to  excrete  each 
twenty-four  hours  about  20  to  25  gm.  of  urea,  or  0,20  to  0,25  gm.  for 
each  pound.  This  rule,  however,  wiU  not  hold  far  very*  fat  subjects. 
Children  at  the  age  of  3  to  6  years  excrete  daily  about  0.45  gra*  of  urea 
per  pound  of  body-weight;  at  S  to  11  years,  0.36  gm*  per  pound;  and- 
at  13  to  16,  about  0.18  to  0.27  gm.  per  pound.  ■ 

Excretion  of  urea  is  increased  in  all  acute  fevers,  sometimes  to^ 
the  extent  of  40  lo  60  gm,  per  day^  until  the  acme  of  the  disease^  when 
it  gradually  declines  to  below  normal  as  the  fever  abiites,  and  gradually 
comes  up  to  normal  during  convalescence.  In  malarial  fever  the  urea 
begins  to  increase  before  the  chill  or  parox^-sm.  In  those  febrile  dis- 
eases which  terminate  by  crisis,  as  pneumonia,  the  increased  excretion  of 
urea  may  continue  for  several  days  after  the  crisis.  Another  exception 
to  the  above  rule  is  found  in  acute  yellow  atrophy  of  the  liver,  in  which 
the  urea  is  very  low  and  is  replaced  by  leucin  and  tyrosin.  It  is  in- 
creasetl  in  diabetes  mellitus,  pernicious  anemia,  scur\y,  leukemia, 
paralysis  agitans,  chorea,  epiiejisyj  nan-febrile  gastrointestinal  dis- 
orders, etc.  It  is  increasetj  in  arsenic,  antimony,  and  phosphorus 
jMiisomng,  and  after  the  administration  of  caffeine,  ammonium  salts, 
potassium  chloride^  lithium  carbonate,  and  most  soluble  sodium 
salts. 

Diminished  excretion  of  urea  is  met  with  in  all  hepatic  diseases 
in  which  the  hepatic  cells  are  involved,  except  in  aaite  febrile  diseases. 
It  is  decreased  in  cirrhosis,  and  carcinoma  of  the  liver,  Addison's  and 
Weil's  disease  (infective  jaundice)  ^  lead  poisonings  chronic  rheumatism, 
paresis,  osteomalacia,  chronic  nephritis,  chrnnic  alcoholism,  etc.  In 
general,  urea  is  diminished  in  most  chronic  non-febrile  diseases.         J 

Purin  Bodies.— For  a  description  of  the  purin  bodies  see  page  443' 
The  urinary  purin  bodies  are  partly  derived  fmm  the  disintegration  of 
the  nudeins  of  the  body,  and  partly  from  related  Ijodies  taken  in  foods. 
The  former  are  termed  endogenous  and  the  latter  exogenous  purins. 
Paranuclein  does  not  yield  purin  bixlies  on  disintegration,  as  do  the 
true  nudeins.  The  most  abundant  of  these  bodies  found  in  the  urine 
is  uric  acid.  m 

The  amount  of  purins  produced  in  the  body,  or  taken  in  wttlr| 
foods,  in  any  given  day,  is  not  all  found  in  the  urine,    A  part  of  that 
formed  seems  to  be  stored  in  the  tissues  for  a  time.     A  single  estimation, 
therefore,  will  not  always  show  what  is  going  on  in  the  tissues.    The 
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r  amotrnt  of  purins  eicrelcd  in  health  varies  from  o^  to  i.o  gm.,  the 

:  of  which  is  in  the  form  of  uric  acid.  Much  importance  has  been 
Attached  in  recent  years  to  the  excretion  or  retention  of  the  purins  be- 
cause  of  their  supposed  causation  of  various  pathological  elTects,  Sonse 
have  attributed  these  effects  entirely  to  uric  acid,  but  it  is  probable 
that  all  of  them  are  responsible  for  whatever  disturbance  has  been 
attrityiited  to  uric  acid. 

Much  ^udy  has  been  expended  in  drvising  melhfxis  for  the  estima- 
tion of  uric  acid  and  the  total  purins,  and  many  methods  have  been 
de\'i5€d  (or  this  purpose.  The  estimation  of  uric  acid  is  usually  attended 
with  much  difficulty  and  the  consumption  of  time,  and  the  most  of  the 
methods  are  not  available  for  clinical  purposes.  Some  of  the  easier 
methods  will  be  found  in  the  author's  "  Clinical  Chemistr>*." 

The  qtiantiiy  of  the  purins  excreted  in  health  runs  fairly  parallel 
with  the  urea,  and  consequendy  most  authors  regard  the  rebtion  be- 
tween the  uric  acid  and  ur^.  excreted  as  of  more  imiMDrLince^  as  an  in* 
dex  of  nilrogenous  metabolism,  than  the  absolute  quantity.  To  study 
tills  relation  properly  the  patient  should  subsist  upon  a  puiinfree  diet, 
to  esrdude  the  exogenous  or  fotxl  purins. 

Such  a  diet  may  consist  of  eggs,  milk,  cheese,  butter,  rice,  cauli- 
Oowcr,  while  bread,  sugar,  and  potatoes.  Experiments  show  that  about 
half  of  the  ptirins  of  meats  t^iken  as  food,  appear  in  the  urine  as  uric 
add  and  xanthin  ba^  within  forty -eight  hours,  while  the  other  half 
app^LTS  to  be  burned  to  ur^.  A  small  part  of  the  food  purins  (about 
five  per  cent,)  escapes  absorption  and  appears  in  the  feces.  Recent 
studies  seem  to  show  that  for  an  adult  man  weighing  150  lbs*,  the  total 
puiin  nitrogen  of  endogenous  or  metabolic  action  is  from  0.150  to  0,160 
gm.  per  day.  When  calculated  to  uric  add  this  equab  0.450  to  0.480 
gm.  If  we  take  jo  to  33  gm.  as  the  average  daily  excretion  of  urea  for 
such  a  man,  the  ratio  between  the  endogenous  uric  acid  and  urea  will 
be  appfoxioiately  i :  60.  For  adults  on  a  mixed  diet,  the  usual  ratio  for 
uric  acid  (exclusive  of  the  other  purins)  is  alx>ut  t  :  40  to  1  :  50.  The 
methods  of  estimating  loLiI  purin  nitrogen  will  be  found  in  '*  Clinical 
Chemistr)%*-  page  65. 

Uric  acid  occurs  in  the  urine  in  the  free  state,  but  oftener  in  com- 
bination vfcith  poias&ium,  sodium,  ammonium,  and  occasionally  with 
calcium  and  magnesium,  called  collectively  tirates. 

Uric  acid  is  soluble  in  i4tOoo  parts  of  cold  water,  and  is,  therefore, 
frequently  met  with  as  a  sediment,  and  is  then  detected  by  microscopic 
examination. 

Detection.— 'It  is  best  recognised,  when  in  the  free  state,  by  the 
microtscope-  The  cr}'slal5,  as  seen  with  this  instrument^  are  colored 
veDQW  or  reddish  by  the  pigment  uroerythrin,  and  appear  in  a  variety 
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of  shaj^es,  the  mosl  common  being  ihe  ** lozenge"  or  "whetstone'''  sha 
They  are  stJmelimes  large  enough  to  be  seen  with  the  naked  eye,  wh 
ihey  appear  as  minute,  garnetHajlored  grains,  adhering  to  the  sid^  of 

but  lorn  of  the  vessel. 

Chemical  Tests. — No.  i,  Murex:id  Test, — Evap<:jriite  a  portion 
of  the  urine  to  drynesi^  in  a  porcelain  dish  ui^jn  a  water-bath.  Moisten 
ihe  residue  with  nhric  actd,  and,  after  eva].)oratLng  off  the  acid,  moisten 
the  residue  with  ammonium  hydroxide.  If  uric  acid  be  present,  either 
in  the  free  or  combined  state,  the  residue  assumes  a  beautiful  purple-red 
color,  due  to  the  formation  of  murejrid.  The  reaction  occurs  also  wi 
xanthin,  hypoxanthin,  tyro  sin,  and  some  other  bodies. 

No,  1,  Carbonate  of  Silver  Test,— Render  the  urine  decidedly 
alkaline  with  Na^CO^  or  KjCOj,  and  moisten  a  filter  paper  whh  the 
liquid*  Now  touch  the  moistened  paper  with  a  glass  rod  dipped  in  a 
solution  of  AgNOj.  A  distinct  gray  stain  indicates  the  presence  of 
uric  acid.  J 

No,  3-  Treat  the  urine  with  Fehling^s  solution  and  heat  to  nearljfl 
boiling,  when  a  white  precipitate  of  copper  urate  forms.     Prolonged 
boiling  causes  a  precipitation  of  red  cuprous  oxide* 

Total  Nitrogen,— Besides  the  nitrogen  in  the  form  of  urea  and  pur  in 
bodies  a  certain  amount  of  the  nitrogen  taken  as  food  is  eliminated  in  the 
urine  in  the  form  of  pigments,  hippuric  acid,  indoxyi,  skatoxyl,  creatinin, 
etc.  This  is  especially  the  case  when  the  oxidizing  powers  of  the  body 
are  interfererl  with,  or  in  diseases  of  the  liver.  It  is  therefore  of  im- 
portance in  some  cases  to  estimate  the  total  nitrogen ^  the  urea  nitrogen, 
and  the  pur  in  nitrogen*  The  best  method  at  present  known  of  estimat- 
ing the  total  nitrogen  is  that  known  as  the  Kjeldahl  method^  which 
consists  in  Iwiling  a  measured  volume  of  urine  with  concentrated  H^SO^ 
until  clear,  neutralizing  with  NaOH,  and  distilling  off  the  ammonia 
produced  into  a  measured  volume  of  standard  acid.  By  titrating  the 
excess  of  acid,  and  deducting  this  from  the  acid  taken,  the  amount  of 
ammonia  produced,  and  from  that  the  nitrogen,  may  be  calculated.  AJ 
shorter  and  easier  method  is  very  much  to  be  desired.  M 

Nitrogen  Ratios. — Since  the  nitrogenous  substances  are  subject 
to  wide  variations  even  in  health,  and  disease  usually  disturbs  nitrogen- 
ous metabolism,  the  relative  amounts  of  the  different  forms  of  nitrogen 
of  the  urine  are  often  of  more  value  in  detecting  metabolic  disturbances 
than  absolute  amounts. 

A.  Robin,  Bayrac,  Huguet,  and  others  have  studied  these  ratios,  and 
have  determined  certain  fairly  constant  ratios.  The  following  data  are 
based  upon  the  quantity  passed  in  twenty- four  hours  by  an  average 
man  in  good  health: 
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I,  Totml  nHn^jpitod  in  24  hours, . , , , _ , .    60    to     65    gm» 

I.  Total  urea  passed  in  J  4  hours, _.., .,.,...__    30    lo     jj 

3.  Total  mtn>gcn  passed  in  24  hours,  ,.**....*.._, , 18    to     i3 

4.  Total  urea  N  pii^st^  in  24  hours, ..,.,.., ,     14    to      15    ' 

5.  Eadogicnous  puriti  N  passed  in  24  hours,...,,,,...,., ,,0.150  to  o.i6a 

6.  Nitrogca  in  xanthin  bases  pas>^  m  24  hours, , , .  o.ojo  lo  0.055 

7.  Uric  3idd  N  passed  in  24  hours,  .,.,_....,,,,,,,. 0,1  ao  to  0*130 

The  last  four  data  are  based  upon  estimations  made  while  the  sub- 
jects were  taking  a  purin-free  diet  of  eggs,  cheese,  milk,  bread,  butler, 
rice,  and  sugar.  From  tliese  data  we  may  formulate  the  following 
ratios  of  normal  tissue  metabolism: 

Rsdo  of  urea  N  to  total  N, ...,,,,,,,.,..... 0.8-^.85  to  i, 

N  to  endogenous  pudn  N, ...,.., ^ . , ,  93  10  i . 

to  uric  acid,  about  .,...,,,,* . , , _ . . .  80  to  i. 

"     "      **    on  a  mixed  diet  (coniainijig  purin  IxkUjcs), 

irajiable,  but  about.  ._-...*.,*** *....,.. .....,,,,,  40--50  to  i . 

'  >  of  urea  lo  lolal  solids, .,.,.,,-,,,,.,,. --,,_... i  lo  a. 

'     "      "     '*  chlorides, , .-.,„,, 2  to  r. 

"         *'        "    Pfi;^ .,,.,...,. ..-- •. 10  to    I. 

Oxalic  Acid.— Normal  urine  contains  a  small  amount  of  oxalic 
acid;  about  0-05  gm,  per  day.  This  is  partly  derived  from  oxalates 
in  fo*Kls  taken^  partly  derived  from  imperfect  oxidation  of  the  carbo- 
hydrates  and  fats,  and  partly  from  other  sources.  It  is  probable  that 
some  of  it  comes  from  the  oxidation  of  uric  acid^  and  probably  it  is  also 
generated  in  the  intestinal  canal  as  a  result  of  fermentation. 

The  overproduction  and  excretion  of  this  acid  in  the  urine  is  not 
dearly  understood.  It  is  usually  associated  with  a  deficiency  in  oxida- 
tion processes  in  the  body,  and  in  neurasthenia.  It  is  frequently,  also, 
associated  with  dial>etes  melUlus.  It  occurs  as  a  sediment  of  calcium 
oxaL&te,  and  may  form  renal  or  vesical  calculi.  It  is  best  detected  with 
Lite  microscope.     (See  page  654.) 

^^V  ABNORMAL  COITSTITUEIITS  OF  URIHE, 

^P      These  are  albumin,  globulin^  albumose,  glucose,  acetone,  diacettc 
^^tcid,  bile-coloring  matters,  biliary  adds,  blood,  blood -coloring  matters, 
pus,   chyle,  and   abnormal   sediments,  such   as   tube-casts,   excessive 
I,     amount  of  efjithelial  cells,  mucus,  etc, 

'  Albumin. — Albumin  is  found  in  the  urine,  at  times,  without  ap- 

parent disturbance  of  health.  Usually,  however,  it  is  regarded  as 
pathological,  and  is  st>  often  associated  with  various  inflammatory  dis- 
I  eases  of  the  kidney,  that  its  presence  is  often  erroneously  taken  as  evi- 
dence  of  some  one  of  these  diseases.  It  occurs  principally  in  the 
form  of  serum-albumin*  It  is  coagulated  by  a  temperature  of  from  73° 
to  75^  C,  (1634*^  to  167°  F.),    In  all  cases  the  urine  shottid  be  clear 
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before  applying  the  tests  for  albumm.  If  not  clear,  it  should  be 
either  s*.*llled  and  decanted,  ur  iillered.  It  is  sometimes  necessarj'  to 
shake  the  urLue  with  pulverized  talc,  or  other  insuiuble  powder,  before 
filtering,  to  get  it  clear.  The  tests  for  albumin  usually  dq>end  upon 
its  coagulation  and  the  furmation  of  a  turbidity  in  the  solution.  A 
few  tests  depend  upon  a  change  in  color.  The  tests  that  are  most 
satisfaclor)^  and  must  often  used  are  the  following; 

K  Heat  and  Nitric  Acid  Test.— Heat  about  5  c*c*  of  the  urine  tp 
bjiling  in  a  test-tube.  A  turbidity,  if  present,  will  be  due  to  albumin 
or  earthy  phosphate s*.  Now  add,  slowly,  a  few  drops  of  acetic  or 
nilric  acid.  If  the  turbidity  be  due  to  the  phosphates,  it  disappeiu"^, 
while,  if  due  to  albumin,  it  remains  permanent.  Care  must  be  taken, 
in  the  addition  of  the  acid  after  boiling,  to  note  the  effect  after  each 
drop  is  addefl,  and  to  go  on  adding  it  until  there  can  be  no  doubt  that 
the  urine  is  distinctly  acid.  A  large  excess  of  acid  is  to  be  avoided. 
This  test  will  show  traces  of  albumin  only  under  the  most  favorable 
conditions, 

a.  Heller's  Test,  The  Contact  Method.— Place  2  ex.  of  pure 
HNOj  in  a  narrow  te^t-tube,  and,  Inclining  the  tube  to  one  side,  pour 
the  urine  carefully  down  the  side  of  the  tube  so  that  it  may  float  ujTon 
the  acid.  This  is  best  done  with  a  dropper-pipette,  or  by  pouring  the 
urine  from  one  te.st4ube  into  another,  holding  both  in  a  nearly  hori- 
zontal position.  If  this  be  carefully  done,  there  will  be  very  little  ad- 
mixture of  the  two  liquidii.  If  albumin  be  present,  a  while,  opaque 
xone  of  coagulated  albumin  appears  at  the  line  of  contact  of  the  two 
fluids,  A  brown  zone  will  frequently  be  seen  at  this  point,  which  grows 
in  intensity  on  standing,  and  is  due  to  the  action  of  the  acid  on  the 
coloring  matters  {Rosenbach's  readim),  but  it  does  not  give  any  turbid- 
ity unless  albumin  is  present.  If  bile  be  present,  the  color  may  be 
green;  If  blood,  brown-red.  This  test  is  decidedly  more  delicate  than  J 
No,  r.  I 

Precautions, ^Occasionally  after  the  admtnistralion  of  turpentine, 
or  balsams  and   resins,  these  are  precipitated  by  HNOj  as  a  yellow- 
white  cloud  J  which,  however,  is  soluble  in  alcohol.     Rarely  the  uric 
acid,  sometimes  set  free  by  HNO^,  resembles  the  precipitated  albumin  - 
nearly  enough  to  be  mistaken  for  it.  I 

Roberts  modifies  Heller's  test  by  using,  instead  of  pure  nilric  acid,  a  " 
mixture  of  i  volume  of  HNO3  and  5  volumes  of  a  saturated  solution 
of  MgSOj.     This  reagent  is  as  sensitive  as  HNOg,  and  pleasanler  to  J 
handle.     It  is  used  in  the  same  way,  \ 

3.  Acetic  Acid  and  Potassli^n  Ferrocyanide -—Acidulate  the 
urine  with  acetic  acid,  fiUer  if  much  mucoid  substance  is  precipitated,  and 
then  add  a  few  c.c.  of  a  st^lution  of  potassium  ferrocyanide.     Or,  better, 
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float  the  acidulated  urine  over  the  K^FeCya  solution*  If  albumin  be 
present^  it  appears  as  a  white,  gelatinous  precipitate.  This  reagent 
docs  not  precipitate  the  alkaloids;  it  does  precipitate  albumose  and 
nudeo-albumin*  The  former  dissolves  in  excess  of  acetic  acid.  It 
is  a  very  delicate  and  reliable  test. 

4,  Picric  Acid  with  Acetic  Acid,— A  cold,  saturated  solution  of 
picric  acid  may  be  used  by  the  contact  method,  after  previous  acidu- 
Lition  of  the  urine.     At  the  line  of  contact  the  albumin  appears  as  a 

"  iwiah- white  zone.     Heat  aflerw^ard  to  dissolve  alkaloids,  mucin,  and 
tes,  which  are  precipitated  with  the  albumin.     It  is  better  to  heat  the 
urine  before  adding  the  reagent. 

5,  Taaret's  Test   (Potassio- mercuric   Iodide  Test)  .—Reagent 
prepared  as  follows:  Mercuric  chloride,  1.35  gm.;  potassium 
iodide,  3.32  gm.;  acetic  aci(!,  20  ex.;  distilled  water,  80  c,c.         ^ 
The  HgCl|  and  KI  are  separately  dissolved  in  water  and  then         ■§ 
mixed,  and  the  acetic  acid  afterward   added.     The  resulting 
liquid  is  heavier  than  urine  (sp.  gr.,  1040),  and  is  best  used  by 
the  contact  method.    It  is  exceedingly  delicate^  detecting  i  part 
of  albumin  in  20,000  parts  of  urine.     Heat  to  dissolve  the  alka- 
loids^ nucleo-albumin,  and  peptone,  as  in  tests  4  and  5. 

6,  A  solution  of  salicyl-sulphomc  acid  in  water,  or  the 
talline  acid  added  directly  to  the  urine,  is  a  very  delicate 

test  for  all  forms  of  proteid,  precipitating  albumoses  and  pep- 
tones, but  not  alkaloids  or  mucin.  The  albumoses  and  pep- 
tones dissolve  on  heating,  to  reappear  on  cooling.  A  large  ex- 
C5^s  of  mucin,  or  nucleo-albumin,  may  give  a  cloudiness  with 
this  reagent. 

Albumin  test-papers,  suggested  by  Dr.  Oliver,  may  be        l& 
prepared  by  saturating  bibulous  paper  in  solutions  of  potas-      ^^^  ^ 
siomcr curie  iodide,   of  potassium  ferrocyanide,  and  of  citric 
acid.     To  use  thc*se  papers  the  urine  is  acidified  with  one  of 
the  citric  acid  papers,  and  then  either  a  polassiomercuric  iodide  or  a 
potassium  feiTocyanide  paper  added. 

Estimation, — The  easiest  approximate  method  of  estimating  albu- 
min is  to  boil  a  given  quantity  of  the  urine  in  a  test-tube,  add  2  or  3 
drops  of  nitric  acid,  set  aside  for  tw^elve  hours,  and  note  the  volume  oc- 
cupied by  the  precipitated  albumin.  This  is  generitlly  spoken  of  as 
volume  per  cent.,  and  has  no  relation  to  actual  percentage » 

A  more  accurate  methiK^  and  one  sufficiently  so  for  clinical  purposes, 
fc  with  £sbach*s  albximinometen  This  consists  of  a  graduated  glass 
tube^  shown  in  figure  6q.  To  use  the  instrument,  fill  to  U  wnth  urine, 
jLnd  to  R  with  the  lest  liquid.  Close  the  tul>e  by  a  rubber  stopper,  mix 
by  agitation,  and  set  aside  for  twenty-four  hours.    Each  of  the  main 
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divisions  which  ihe  precipitale  covers  represents  i  gm.  o!  albumin  in  i  \ 
liter  of  urine. 

Test  solution:  Picrk  acid, .***,- , . , .     lo  gm. 

Water, ,,,,,,,, .„..* too©  gra. 

Serum-globulin^    or  paraglobulinf   is    usually  associated  with 

serum-albymin,  from  which  it  may  be  separated.  It  occurs  with 
serum -albumin,  and  rarely  without  it.  It  is  most  abundant  in  amy- 
loid kidney,  in  some  cases  of  acute  nef>hritis,  and  in  the  temporary 
albuminuria  of  disordered  digestion.  It  may  be  detected  in  the  urine 
as  follows:  To  a  large  volume  of  water  in  a  beaker  or  urine-glass,  let  fall 
a  few  drops  of  the  clear  albuminous  urine.  If  globulin  be  present,  each 
drop  as  it  falls  will  be  followed  by  a  milky  train,  which,  when  enough  is 
added,  forms  an  opalesscent  cloud  in  the  water.  The  addition  of  acetic 
acid  dissolves  this  cloud*  This  test  depends  upon  the  fact  that  globulin 
Is  soluble  in  a  weak  solution  of  sodium  chloride,  such  as  urine  is,  but 
on  greatly  diluting  this  solution  the  globulin  becomes  insoluble.  It  is, 
therefore,  precipitated  by  diluting  the  urine  until  the  specific  gravity 
Is  1002  to  1003.  ■ 

II  may  be  precipitated  by  rendering  the  urine  slightly  alkaline  with  ■ 
NH^OH,  filtering  to  separate  the  phosphates,  and  adding  to  the  filtrate 
an  equal  volume  of  a  saturated  solution  of  ammonium  sulphate.    If  ■ 
a  precipitate  forms,  it  is  globulin,  f 

Albumoses,  or  Propeptones.— (i)  To  test  for  albumose  it  is  best 
first  to  remove  the  albumin.  This  is  best  done  by  acidifying  the  urine 
with  a  few  drops  of  acetic  acid  and  adding  an  equal  volume  of  a  satu- 
rated solution  of  common  salt,  boiling,  and  filtering  while  hot.  Albu- 
min and  globulin  are  thus  removed.  The  filtrate  is  allowed  to  cool, 
and  any  turbidity  which  separates  on  cooling,  and  which  disappears 
on  heating  to  reappear  again  on  cooling,  is  albumose  or  propeptone. 
This  precipitate  will  appear  only  when  albumose  is  present  in  consid- 
(arable  quantity,  (2)  This  filtrate  may  be  further  e?tamined  as  fol- 
lows: Half  fill  two  tubes  with  the  filtrate.  To  both  of  them  add 
1  c.c  of  a  saturated  aqueous  solution  of  sal icy!-sul phonic  acid, 

A  turbidity   will    indicate  albumin,   globulin,   nucteo -albumin,   or 
albumose.     Heat  one  of  the  tubes  to  or  near  to  boiling  and  compare  _ 
the  tubes.     If  the  turbidity  be  due  to  albumose,  this  will  have  been  m 
dissolved  in  the  hot  tube,  and  there  will  be  a  diminished  turbidity  in  I 
that  tube,  I 

The  albumose  precipitate  is  completely  dissolved  on  adding  an 
excess  of  ammonium  hydroxid,  while  the  albumin  and  globulin  pre* 
cipitate  is  insoluble. 
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When  the  original  uiioe  contains  no  albumin  or  globulin,  this  lest 
may  be  applied  directly  to  it. 

It  is  best,  however,  to  remove  any  nudco-albumin  that  may  be 
present,  by  the  addition  of  a  few  drops  of  leid  acetate,  taking  care  not 
lo  add  an  excess,  {Altering  out  the  heavy  white  precipitate,  and  apply- 
ing the  test  to  the  clear  filtrate. 

Clinical  Significance. — Albumose  in  the  urine  is  a  valuable  sign 
of  concealed  pus  somewhere  In  the  body.  Whenever  there  exists  pent-up 
ptis,  not  walled  off  by  adhteions,  the  disintegration  of  the  pus-corpuscles 
I  and  the  absoqjtion  of  the  products  give  rise  to  albumose  in  the  urine, 
K  Its  diagnostic  importance  is  therefore  vei>'  great- 
s' It  is  found  during  uterine  involution  after  labor,  whether  there  be 
^puippuration  or  not. 

^^      It  is  found  in  cerebro-spinal  meningitis^  but  not  in  tubercular  men- 
ingitis;   tn  pneumonia  during  resolution;    in  purulent  pleurisy;   sup- 
Eurating  appendicitis,  but  ceases  when  the  abscess  is  walled  off  by  ad- 
esions;    during  typhoid  fever  when   intestinal  ulcers  have  formed; 
duriJig  the  formation  of  cavities  in  phthisis;   in  abscess  of  the  liver, 
I     peritonitis,  carbuncles,  pelvic  abscess,  etc. 

^^     Peptonuria* — Tnie  peptone  does  not  occur  in  normal  urine,  and 
^■tarely  if  cvtr  in  pathological  urines.     What  is  sometimes  spoken  of  as 
peptonuria  is  properly  albumosuria. 

Mucoid  Substance.— This  is  a  compound  protein  found  in  traces 
In  normal  urine  ant  J  is  secreted  by  the  epithelium  of  the  urinary  tract. 
It  IS  often  confounded  with  mucin ^  another  gluco- protein,  and  which 
on  boiling  with  dilute  acids  yields  a  reducing  sugar  in  greater  abundance 
than  mucoid  substance.  Both  bodies  are  precipitated  with  acetic 
acid,  but  mucoid  is  soluble  in  excess,  while  mucin  is  insoluble.  Accord- 
ing  to  Momer,  normal  urine  contains  no  mucin,  but  the  flocculent 
sediment  seen  in  most  urines  on  standing  a  short  time  is  composed 
mostly  of  mucoid  substance.  In  some  pathological  conditions  true 
mucin  may  be  found  in  the  urine. 

Mucoid  substance  is  characterized  by  giving  a  precipitate  with 
acetic  acid  (soluble  in  excess)  and  with  MgSO^  added  to  saturation. 
The  precipitate  is  soluble  in  weak  KH^OH, 

1.  To  10  c.c^  of  the  clear,  filtered  urine,  free  from  albumin  and 
globulin,  add  strong  acetic  acid  drop  by  drop.  An  opalescence  or  tur- 
bidit}'  will  indicate  nucleo-albumin  or  mucoid  substance.  The  presence 
of  the  neutral  salts  hinders  thus  precipitation.  It  is  best,  therefore,  to 
dilute  the  urine  with  three  volumes  of  water  liefore  making  the  test. 

2,  Heller's  Test*— Mucoid  gives  a  ivhite  zone  or  diffused  cloud, 
similar  to  albumin,  but  from  0.5  to  r  centimeter  above  the  acid.  This 
cloud  is  often  more  distinct  in  the  diluted  (1  to  3)  urine. 
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Accidental  Albuminuria.— Whenever  the  urine  conUins  blood, 
pus,  or  bcrous  discharges  it  will  of  necessity  contain  albumin*  Fibrin 
will  be  found  when  there  are  hemorrhages  from  the  gen ito- urinary 
passaged,  and  m  intense  or  acute  inf1ammation&  of  the  kidneys.  It 
also  occurs  in  the  urine  of  most  ca.ses  of  chyluria.  It  Is  reiiciily  recog- 
nized by  its  spontaneous  ctxigulation,  forming  a  thick,  gelatinous, 
liry  mass,  sei>arating  at  the  bottom  of  the  containing  vessel.  The 
ttagulum  may  be  filtered  out  and  its  solubility  determined.  If  in- 
Dlublc  in  dilute  alkalies  and  ten  per  cent,  NaCl  solution,  it  is  fibrin. 
Blood. — The  presence  of  blood  may  be  detected  most  certainly 
by  the  miiroscoi>e  or  the  spectroscope, 

Guaiacum  Test  for  Blood* — Mix  a  small  portion  of  the  urine 
in  a  test-tube  with  an  equal  volume  of  a  mixture  of  freshly  prepared 
tmcture  guaiacura  and  spirits  of  turpentine*  The  turpentine  should 
previously  have  been  exposed  to  the  air  for  some  time.  If  blood- 
coloring  matter  be  present,  the  mixture  assumes  an  indigo-blue  color> 
the  rapidity  of  formation  and  depth  of  color  depending  upon  the  amount 
of  blood -coloring  matter  present. 

NoTE,^Pus  frKt|ycntly*  if  ndt  always,  gives  the  same  rolor.  SaHvu  and  salts  of 
iodine  also  give  a.  blue  color  with  this  test^  but  thp  colur  due  to  these  sybstances 
appears  only  after  a  considerable  lapse  of  time,  and  is  st'ldom  likely  to  mislead. 
From  the  depth  of  the  color  of  the  urine,  and  the  rapidiiy  of  the  appearance  of  the 
blue  tolorT  one  can  approxiniiately  e^timnte  the  amount  of  blood  present.  The 
spiriis  of  turpentine  uid  in  thi3  test  may  be  replaced  by  a  solution  of  pero?ride  of 
hydrogen*  or  a  mixture  of  ether  and  H^O,  (azonic  ether). 

Having  determined  that  blood  is  present  in  the  urine,  it  b  a  difficuU  matter  to 
decide  whether  the  alburrdnuria  is  due  entirt4y  to  the  albumin  intr^iduced  Vihb  the 
blood,  or  whether  it  is  a  true  albuminuria  of  rcnaj  or  inflammatory  origin.  This  will 
often  depend  upon  other  symptoms  than  those  to  be  found  in  the  urine.  Dissolved 
blood -coloring  matter  is  sometimes  met  with  in  the  urine,  when  it  is  called  b«mo- 
globinun&.  In  hemoglobin  una,  blood-corpuscles  are  not  to  be  found  with  the 
mitTt)stf)y>e,  while  in  hematuria  the  corpuscles  arc  found.  It  oca.sionally  happcaa 
that  the  urine  rapidly  becomes  alkaline  after  being  secreted,  and  the  red  blood- 
corpuscles  are  disintegrated  and  dksoived  by  the  alkaline  urini\  The  urine  contain- 
ing the  dissolved  corpuscles  is  then  always  alkaHne,  while  the  urine  of  true  hema- 
globinuria  is  usually  acid.  We  may  conveniently  distinguish,  then,  two  conditions: 
In  one,  the  blood  <oIoring  matter  is  in  st>Iutbn,  and  in  the  other  it  is  in  suspension 
as  blood -corpuscles.  In  the  former  case  ihe  coloring  matter  ^ill  not  separate  on 
Standing,  while  in  the  latter  there  will  usually  separate,  within  a  few  hours,  a  more  or 
leiis  abundant  red  sediment.  If  the  hemorrhage  be  a  profuse  one,  esperjally  if  from 
the  bladder  or  ureters*  the  blood  will  almost  all  of  it  settle  to  the  bottom  of  the  con- 
taining vessel,  and  leave  a  clear  yellow,  almost  normal-hxiking  urine  above,  or  if  the 
uriiie  be  filtered  the  mo?t  of  the  blood  remains  on  the  filter.  If  the  hemorrhage  be  a 
gradual  m>zing,  as  in  acute  inflammation  of  the  kidneys*  the  coloring  niatter  M'iU 
remain  in  susp>cnsion  and  the  liquid  retain  its  color  for  many  days.  It  is  not  un- 
usual to  have  hemoglobinuria  and  hematuria  together,  especially  in  acute  dilTusc 
nephritis,  or  in  malarial  hematuria. 

Pus, — If  the  urine  contains  pus  it  will  ahva)^  be  turbidj  and 
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|iBp]dly  deposit  a  white  or  greenish -white  sediment.  The  dear  solu- 
Ition  will  be  found  to  contain  albumin  and  globulin.  The  applica- 
[lion  of  heat  lo  the  sediment  do^  not  dissipate  it,  as  it  does  the 
limeni  of  urates.  Neither  is  it  dissolved  by  dilute  acids,  as  is  the 
^somewhat  similar- looking  precipitate  of  the  earthy  phosphates.  A 
whitish  sediment,  therefore,  which  is  insoluble  with  heat  or  dilute 
acids,  and  which  dissolves  in  strong  alkaline  solutions,  giving  a  gelat- 
inous, ropy  liquid,  is  probabi)'  pus.  Donne's  test  consists  in  adding 
a  solution  of  NiOH  to  the  sediment,  when,  if  it  be  pus,  tt  is  converted 
into  a  gelatinous  mass  resembling  raw  while  of  egg.  WTien  pus  is 
treated  with  a  solution  of  hydrogen  peroxide  it  undergoes  rapid  effer- 
v^cence.  This  is  a  valuable  lest  for  pus  in  the  urine  or  in  other  fluids. 
The  microscof>e  is  a  more  certain  test  for  pus.  Having  detected  pus  in 
the  urine,  it  is  sometimes  verj'  difficult  to  determine  whether  the 
^buminuria  accompanying  it  is  accidenlal^t*  f.^  whether  the  albumin 
is  derived  from  the  pus,  or  whether  there  is  a  true  albuminuria  due 
to  some  disease  of  the  kidney.  The  symptoms  of  the  patient  will  assist 
in  determining  in  many  cases,  though  not  in  all. 

Sugar. — It  has  been  claimed  by  many  that  dextrose  occurs  in 
normal  urine,  and  it  has  been  disputed  by  equally  good  authority. 
The  most  delicate  tests  do  delect  glucose  in  most  urines  oihemvise 
normal,  though  not  in  all.  Sufl5ce  it  to  say,  that  the  usual  tests,  and 
those  here  mentioned,  except  Molisch's,  will  not  detect  this  substance 
in  normal  urine.  Its  appearance,  then,  in  sufficient  quantities  to  be 
delected  by  any  of  them  must  be  regarded  as  abnormal. 

Wlien  glucose  occurs  in  the  urine  in  an  appreciable  amount,  it 
is  known  as  glycosuria.  \\'hen  its  occurrence  persists  for  a  consid- 
erable lime  and  in  considerable  amount,  and  is  attended  with  an  in- 
creased amount  of  a  lighl-colored  urine,  generally  of  a  high  specific 
gravity,  and  an  increased  daOy  excretion  of  urea,  it  is  pathological, 
and  the  disease  is  known  as  diabetes  meUitus.  The  specific  gravit}' 
is  some  guide  to  the  detection  of  diabetes  mellitus,  but  the  specific  gravity 
alone  is  not  conclusive.  A  high  specific  gravity,  with  a  large  quantity 
of  light'Colored  urine,  is  strong  presumptive  evidence  of  diabetes  melli- 
tus* The  finding  of  sugar  in  such  a  case  is  confirmatory.  The  de- 
tection of  sugar  in  the  urine,  when  present  in  more  than  traces,  is  a 
oimparatively  simple  process;  but  wlren  the  quantity  is  very  small  il  is 
no  eas}'  matter. 

Tests  for  Glucose,— i.  Trommer's  Test*— To  4  or  5  c.c.  of  urine, 
in  a  test-tube,  add  one-half  lis  volume  of  sodium  hydroxide  solution, 
and  I  or  2  drops  of  a  solution  of  CuSO^  (i  to  10),  If  sugar  be  present^ 
a  clear,  deep- blue  solution  is  obtained*  If  an  excess  of  copper  sul- 
phate be  added,  a  dear  solution  may  not  be  obtained,  and  will,  in  this 
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way,  disturb  the  test.  The  solution  is  now  la  be  healed  almost  to  boil* 
ing,  but  it  is  better  not  to  boU.  If  sugar  be  present,  at  first  a  greenish, 
and  then  a  yellowish  turbidity  forms,  which  rapidly  changes  to  a  reddish- 
yellow  color,  and  precipitates  red  cuprous  oxide.  A  flocculent  precipi- 
tate of  the  earthy  phosphates  always  forms  on  adding  the  alkali,  and 
must  nol  be  mistaken  for  suboxide  of  copper.  Urine  containing  uric 
acid,  the  xanthin  bases,  creatinine  indox>'l-sulp hates,  peptone,  lactose, 
glycuronic  and  glycosuric  acids,  mucus,  and  other  substances  found  in 
some  urines  will  decolorize  the  blue  solution,  but  there  will  be  no  red 
precipitate.  In  fever  urines,  this  decolorization  w^ithout  precipitation 
interfere  greatly  with  the  employment  of  this  test*  //  i>,  ihcrejore^ 
fmi  to  be  rdied  upon  in  douhtful  cases. 

To  eliminate  this  source  of  trouble  with  the  copper  test,  it  is  best  to 
perform  the  test  as  follows: 

From  7  to  S  c.c*  of  the  urine  are  healed  to  boiling  in  a  test-tube,  and, 
without  filtering  from  any  precipitate  that  may  form,  adding  t  c.c,  of 
the  copper  sulphate  solution;  then,  when  partially  cooled,  i  to  2  c.c. 
of  a  saturated  solution  of  sodium  acetate,  having  a  slight  acid  r^.ction, 
and  filter.  To  the  filtrate^  which  should  have  a  greenish-blue  color, 
add  the  alkali,  or,  better,  the  alkaline  tartrate  solution  used  to  make 
LFehling*s  solution,  and  boil  for  fifteen  to  twenty  seconds.  Thus  modi- 
[fied»  the  copper  lest  is  much  more  reliable.  Most  of  the  interfering 
abstances  may  be  separated  by  adding  to  the  hot  urine  one-fourth  its 
^lume  of  a  to  per  cent,  solution  of  lead  acetate,  filtering  oE  the  precipi- 
tate, and  testing  the  filtrate  for  sugar. 

2.  Other  Forms  of  the  Copper  Testp— Haines's  solution  is 
made  by  dissolving  copper  sulphate  in  a  mixture  of  equal  volumes  of 
glycerol  and  water  and  made  strongly  alkaUne  with  sodium  hvtjroxide. 
This  solution  may  be  used  in  larger  quantities  than  the  aqueous 
solution  of  copper  used  in  Trommer's  test,  and  some  of  the  difficulties 
of  that  test  overcome.  The  decolorizing  effect  of  normal  urine  is 
not  sufficient  to  decolorize  a  large  amount  of  copper  solution.  By 
adding  a  considerable  amount  of  Haines's  solution  before  heating, 
this  error  is  partially  eliminated.  Fehling's  solution  is  sometimes 
employed  as  a  qualitative  test,  but  usually  only  as  a  quantitative  test. 
Haines's  solution  has  all  the  advantages  of  Fehling's j  with  the  addi- 
tional advantage  that  it  keeps  better.  It  is  best  to  keep  the  copper 
sulphate  solution  in  glycerol  and  water  separate,  adding  the  NaOH  solu- 
tion at  the  time  of  making  the  test. 

3.  Bismuth  Test.— To  a  few  ex,  of  the  urine,  in  a  test-tube,  add 
an  equal  volume  of  sodium  hydroxide*  and  then  a  fragment  of  bismuth 
subnitrate;  mix  well  and  boil  for  from  three  to  five  minutes.  If  sugar 
be  present,  black  metallic  bismuth  will  be  deposited  as  a  sediment. 
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If  the  quanllt^'  of  su^  be  smaU,  unly  a  part  of  the  bbmuth  wiU  be 
reduced^  and  the  predpitaie  will  appear  gr%j.    AfcutniD  must  be 
lemoved  before  this  test  is  applied^  or  it  wiU  be  deannpoGcd  by  boiling 
with  the  alkali,  forming  the  sulphide  of  bismuth,  which  wiM  give  a  black  ( 
precipitate. 

4*  Rylander^s  Test,— A  better  forra  of  the  bi^iiouth  test  bas  foUows: 
A  solutiun  is  made  of  bismuth  mtboitiate,  2  gm.;  Rochelle  salt,  4  gm.; 
sodium  hydroxide,  S  gm,;  and  di^iUcd  water,  100  ex.  The  urine  is 
healed  to  boiling  and  a  few  drops  of  thi^  alkaline  sc»Iulion  of  bismuth  is 
added,  when,  on  continuing  the  boiling,  the  mixture  turns  black  if  sugar 
be  prraent*  As  in  the  previous  test,  albumin  must  be  absent  before 
this  lest  is  applied.  This  reagent  is  exceedingly  delicate^  and  it  is 
claimed  to  detect  0.025  per  cent,  of  ghicose, 

5.  Hoore's  Test,— -Add  to  the  suspected  urine  one-haH  its  volume 
of  sodium  hydroxide  solutbn,  and  boiL  If  sug^  is  present,  a  dark- 
yeUow,  broi?vn,  or  chocolate  color  b  produced.  The  depth  of  color 
h  proportional  to  the  amount  of  sugar  present, 

6*  IndigO'Cajimiic  Test, — Reagent:  Mix  1  part  of  mdigo- 
carmine,  or  of  dried  commercial  extraa  of  Indigo,  with  30  parts  of 
pure,  dn^  sodium  carbonate.  To  5  c,c  of  the  suspected  urine  add 
enough  of  the  above  powder  to  give  a  transparent,  blue  solution^  and 
heat  to  boiling  wUlwtd  agitaiian.  If  sugar  b  pre^nt,  the  solution 
changes  to  violet,  cherry-red,  and  finally  yellow.  On  agitation,  these 
colors  appear  in  the  rev^ersed  order. 

The  Quantitatiire  Estimation  of  Dextrose. — This  is  generally 
nnade  with  Fehlbg's  solution.  This  solution  b  best  prepared  in  two 
parts,  which  are  kept  separately,  as  the  completed  solution  does  not 
keep  well.  These  solutions  are  prepared  as  foUows:  No.  i.  34.639 
gm,  of  pure,  recry^stallized  copper  sulphate  are  dissolved  in  distilled 
water,  and  made  up  to  exactly  500  c.c-  No.  2.  175  gm.  of  crystal- 
lized RocheUe  salt  and  80  gm,  of  sodium  hydroxide  are  dissolved  in 
distilled  water  and  made  up  to  exactly  500  ex.  ^\Tien  needed  for 
use,  exactly  equal  volumes  of  these  two  solutions  are  mixed.  The 
solution  will  be  of  such  strength  that  10  c.c,  are  decobrixed  by  0.050 
gm.  of  dextrose  or  diabetic  sugar. 

The  process  is  conducted  as  follows:  Ten  c,c,  of  Fchling*s  solution  is  nnessured 
out  into  a  beaker  or  porcelam  basin,  diluted  with  about  40  ex.  of  water*  and  brDught 
bo  the  boiling  point.  The  urine  is  delivered  in(o  ihls  blue  solution  from  a  bur^ite, 
until  the  blue  color  is  just  discharged.  The  amount  of  urine  added  is  then  read  off 
frmn  the  burette.  This  amount  contains  0.050  gm.  of  sugar.  From  this  it  is  easy 
10  caltubte  the  quantity  contained  in  1000  cc*  or  a  liter.  If  the  urine  contains  a 
considerable  quantity  of  ^gar^  it  wilt  be  necessary  to  dilute  it  with  four  volumes  of 
water  before  beginning  the  litraiJoni  when  the  results  of  the  titration  should  ht 
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multipUed  by  five.     It  is  always  siitnewhat  difficult  to  delertnine  the  exact  disap- 
pc&ran€£  of  ihc  blue  cobr,  owing  to  the  pr«?sentu  in  the  solution  of  the  prccjpiiaicd; 
subo3dtle  of  copper*     This  tiifficuliy  may  be  avereomc  by  the  addition  of  some  ^u" 
stance  that  will  pre\ient  ihe  precipitation  of  the  cuprous  oiide»  as  NH^OH,  KCy, 
K,Fe{CNV 

The  au thorns  Enethod  is  as  follows:  Tenc.c,  of  rehUng'&  solution  is  mea^uj 
out  Into  a  suiUble  lla^k.     To  this  lo  c.c,  of  a.  freshly  prepared  lo  per  cent,  soluii' 
of  potjissium  fcnxcyanidc  is  iidded^  and  about  30  cc  of  water.     The  mixture 
heated  on  a  water-bath,  and  the  urinci  previouf^ly  diluted  with  water,  if  it  contaii 
much  sugar,  is  run  in  from  a  burette,  drop  by  dncip,  until  the  blue  color  Just  disst 
pcarst  allowing  from  two  to  five  minute^  lo  ela|jse  between  each  addition  of  tl 
urine*    This  cjin  readily  be  seen,  as  the  solution  remains  clear,  or  but   lightly' 
turbid,  to  the  end  of  the  reaction*     The  addition  of  the  slightest  excess  of  su»4r 
shows  itself  by  the  solution  becoming  quickly  brown.     By  careful  comparative  lestt 
the  author  has  found  this  method  to  be  accurate,  reliabici  and  rapid,  provided 
the  solution  lje  not  boiled  during  the  reduction.     The  best  temperature  for  the 
protriis  was  found  to  be  between  So^  and  90''  C  (176*^  to  19^^  F,),     The  nunilKT 
of  c.c*  uf  unnc  us<.*d  contains  0*050  gm.  of  sugar* 

LeTUIose  frequently  occurs  in  diabetic  urine.  It  may  be  detected  by  the  brtl- 
Li&nt-red  color  produced  when  the  urine  is  heated  with  an  equal  volume  of  strung 
HCl  and  a  few  crystals  of  res4:)rcin.     Its  significance  is  not  well  understood. 

Lactose,  or  milk-sugar,  occurs  in  the  urine  of  nursing  women  or  of  women 
soon  after  weaning.     Its  recognition  re<]uires  first  its  separation  from  the  fluid. 

Dextrin  has  been  found  in  the  urine  of  diabetics,  where  it  seems  to  take  the 
place  of  dextrose.  Other  carbohydratea  found  rarely  in  the  urine  are  pcnif>ses 
tsomaltose,  and  animal  gum*  The  clinical  import  of  mne^ugar^  unimai  gum, 
isomaiiosct  and  Icvuiiysf  is  not  well  known*  Pentoses  frequently  occur  in  normal  and 
in  diabetic  urines.     The  tests  given  on  page  32S  will  be  sufficient  to  identify  themi 

CEiiical  Significance  of  iSlycosiirta,— A  trace  of  glucose  in  ihe  urine' has  no 
cUnical  significance.  A  larger  amount,  if  temporarily  present,  is  known  iL&gIyc&* 
suria,  and  has  no  serious  meaning.  If  present  in  considerable  amount  and  more  or 
less  permanent,  it  is  termed  diabetes  meliiius.  In  this  disease  it  is  also  accompanied 
by  a  secretion  of  a  large  amount  of  a  Ught-colored  urine  of  a  sp.  gr*  usually  abo\*e  M 
normal,  of  a  sweet  taste,  and  usually  containing  an  excess  of  urea.  Such  urines  ha\«fl 
a  viscid  appearance^  froth  easily,  and  often  have  a  sweetish  odor.  The  patient 
usually  suffers  from  thirst,  frequent  micturition,  loss  of  weight  and  stncngth.  No 
age  is  exempt,  but  it  is  more  frequent  between  the  ages  of  llurty-five  and.sixti^ 
Less  frequent  and  constant  symptoms  are  cough,  tubeR*ulosis,  boils  and  carbuncle^, 
ecxetua,  severe  neuritis,  most  often  of  the  brachial  and  crural  nerves,  derangement 
of  the  special  senses,  es|x'cially  of  vision  and  occasionally  of  hearing,  smell,  and 
taste.  The  fatal  termination  of  diabetes  mcilitus  is  most  often  preceded  by  coma^ 
Ihe  so-called  diabetic  coma* 

Diabetic  coma  must  not  be  confounded  vnih  other  forms  of  coma  occasionally 
met  with  in  diabetes,  as,  for  example,  apoplexy  and  uremia.  No  doubt,  many  cases 
which  pass  for  true  diabetic  coma  are  cases  of  uremia,  for,  sooner  or  later,  the  kid- 
neys are  apt  to  become  structurally  deranged. 

Sugar  is  also  found  in  the  urine  in  certain  other  afTectionSt  especially  in  dislur- 
bancK  of  the  abdominal  circulation.  By  w*ounding  certain  parts  of  the  meduHai 
temporary  glycosuria  may  be  produced  in  the  lower  animals.  During  the  first  week 
of  lactation,  and  after  any  obstruction  to  the  Mow  of  milk,  as  after  weam'ng,  there  is 
always  a  small  quantity  of  sugar  in  the  urine,  probably  lactose*  Sugar  has  ap- 
peared in  the  urine  after  the  internaJ  administration  of  turpentine,  nitrobenzene,  and 
nitrotoluene*  The  liver  b  conrinually  pouring  g?uco<e  inlfi  the  blood  to  the  extent 
of  1S50  grains  per  day  (4  oje*,  or  120  gm.),  which  is  burned  in  the  economy.     Any. 
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HydroJcvbutrHc  acid,  by  ojddation  outside  of  ibe  hodf,  vieldi  ^U«<vtlc  idd, 
Dtacetic  acid  nr*idjJr  brr^aks  up  into  acetone  and  &  carbtjnatr,  in  alkaline  ioliitlcin», 
and  it  is  beiicved  ihat  lh«^  changes  take  place  in  tbc  bodv. 

In  most  of  the  spcdfk  fevers,  and  especially  in  certain  digtitivc  dlscasn,  awl  m 
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dlftbetes  mtllJius,  there  b  a  condition  of  dccrcaseci  alkalescence  of  ihe  blood,  kno^ 
is  acid  iDtoxi<:a tiu n.   The  dut^i  acid  causing  tliis  cuDdition  is  hydroxy butytic  acid,  ail 
to  this  ttjcid  intoxication  the  pnadut  tion  of  diabetic  coma  is  quite  generally  atuibuie 
The  significance  of  these  compounds  in  the  urine  of  diabetics  is  tberefonc  apparen 
An  increase  in  the  amount  of  acetone,  diaceUc  acid,  or  hydroxy  butyric  acid  in  th 
udiic  of  diabetics^  i*  usually  indicadve  of  an  unfavorable  prpgnosis  and  the  approach 
of  coma.     When  the  test  shows  tliis,  carbohydrates  should  be  given,  as  this  may 
CAU3C  ihcm  to  disappear*     The  giving  of  alkalies  may  alstj  reduce  them  and  prej 
vent  41  fatal  coma-     An  esdmauon  of  these  organic  acid^  In  a  case  of  diabcte5»  UM 
therefore  of  more  importance  in  indicating  the  prognosis  than  the  estimation  of* 
the  sugar. 

The  DetectioQ  of  Acetone.— Legal*a  Test- — Four  or  five  ex.  of  the  urine  arc 
O^eated  with  a  few  drops  of  a  freshly  made  solution  of  sodium  nitroprusside,  and 
then  with  a  strong  solution  of  NH^OH,  The  r(?d  color  produced^  which  appears  in 
from  five  to  ten  minutes  if  acetone  be  present,  gives  place  to  a  purple  or  violet  color 
on  the  addition  of  acetic  acid.  For  a  more  accurate  test  it  Is  necessary  to  distiU  the 
uiine  and  apply  this  test  to  the  distillate. 

Denniges's  Test,— i?M^^iii.— Twenty  gm,  HjSO^  is  poured  into  loo  c.r. 
dbtiHed  water,  and  5  gm.  of  freshly  prepared  yellow  oxide  of  mercurj-  added.     AfiJ 
standing  twenty -four  hours  it  is  ready  for  use.     To  about  5  c.c.  of  urine  add  the 
reagent,  drop  by  drop,  until  a  permanent  precipitate  remains  after  agitation,  and^ 
then  add  a  few  more  arops.     Filter,  and  add  to  the  clear  filtrate  3  cc  of  the  reag^: 
and  4  or  s  c.c,  of  the  thu'ty  per  cent,  solution  of  H^SO^j  and  boil  for  a  minute,  or, 
better,  set  in  a  beaker  of  boiling  water*     In  presence  of  acetone  or  diacetic  acid  m 
appreciable  amounts  a  heavy,  white  precipitate  immediately  forms.    If  but  traces 
are  present,  a  sUght  doudinesa  develops  on  standing  a  few  minutes.     Whta 
albumin  is  presient,  a  lariger  amount  of  the  reagent  must  be  added  before  boiling. 
This  test  is  delicate  and  does  not  require  distillation  of  the  urine. 

Diacetic  acid  usually  occurs  together  with  acetone,  and  in  the  presence  of  ferric 
chloride  produces  a  wine-red  color,  which  is  not  entirely  characteristic,  because 
other  subatances  produce  the  same  color*  The  foDowing  process  will  serve  for  its 
detection;  A  fairly  strong  ^^lution  of  ferric  chloride  is  cautiously  added  to  the  urine, 
and,  if  a  phosphate  precipitates,  this  is  removed  by  filtration^  and  more  Fe^Cl^  added 
to  the  fiJtrate*  If  a  red  color  appears,  the  filtrate  is  divided  into  two  portions.  One' 
portion  is  boiled,  while  the  other  Js  treated  with  H^O^,  and  extracted  by  shaking  wiihl 
ether.  Urine  that  has  been  boiled  docs  not  give  the  red  color  with  FeaCl^i^  or  it  lose*! 
its  red  color,  this  being  destroyed  by  boiling.  This  serves  to  distinguish  %hmf. 
acid  from  phenol,  salicylic  acid,  etc.,  which  gi\'e  similar  colors  with  fenic  chloride,' 
After  treatment  with  H^SO^  and  shaking  with  ether,  the  aceto-acetic  add  wiU  h&i 
found  in  the  ether.  The  ether  may  now  be  evaporated,  and  the  residue  treated  with ' 
FejClfl  solution,  when  the  violet -red  color  will  be  obtained  if  it  be  pnesent.  Thai 
urine  for  this  lest  must  be  fresh^  as  diacettc  acid  is  rapidly  converted  into  acetone  onj 
standing.     Acetone  h  an  oxidation  product  of  diacetic  acid.  \ 

Hyfiroxybutyiic  acid  is  found  in  the  blood  of  diabetic  patients^  and  it  has  been 
found  in  the  urine  in  scarlatina,  measles,  in  scorbutus,  and  in  stan^alion.  It  gives 
the  same  color-reaction  with  FeXl„  as  diacetic  acid.  It  is  best  to  separate  it  from 
the  urine  with  ether,  as  above  described  for  diacetic  acid,  before  applying  the  test. 
Hydroxy  butyric  acid  may  be  detected  by  evaporating  a  portion  of  the  urine  on  a 
water-bath  to  a  syrupy  consistency,  and  distilling  with  an  eipial  volume  of  concen- 
trated HjSOj.  The  acid  is  thus  changed  into  alpha -crotomc  acid,  which  distilM. 
over.  j 


CHjCH  .  OHCHj— CO,OH  —  H,0 
tlydrcwyhtuync  add. 


CH  .  CH  .  CHjCO .  OH, 
CroioaJc  iidd. 
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By  cooling  the  distillatej  tlie  crototuc  acM  cfTStallizes,  when  It  may  be  filtered 
out. 

Or  thf  dbtilLale  may  be  shaken  with  ether^  and  the  add  be  obtained  on  c vapors |- 
ing  the  ether* 

An  apprtiximate  estimation  of  the  hydroxybutyric  add,  or  of  the  amount  of  acid 
mtaxiaUMifnt  may  be  made  by  ancsumation  of  the  ammonia  in  the  freshJy  voided  urine. 
Free  acid  can  nol  exist  in  the  blood;  bii^^s  must  be  found  to  ^turati'  the  acicJs,  and 
in  mcid  tntojdcationj  the  blood  being  unable  to  spare  the  hxcd  sklkalics,  iimmank, 
which  is  always  a  product  of  retrfignide  tb&ue  metabolism,  Is  used  to  saturate  ihe 
adds.  The  acids  are  elimlmiced  therefore  as  ammoniiim  ^ii&.  The  estimation  of 
ammonia  thus  becomes  important. 

Estimation  of  Aninioiiia.^To  35  c,c*  of  the  fresh  urine,  in  an  e\'apQr3ling 
di^  or  other  shallow  vessel,  add  10  c-c-  of  milk  of  lime.  Upon  this  vessel^  sup- 
ported by  a  triangle  madf  of  gluLss  tubing  or  rod^  place  a  smaller  vessel,  con  tain- 
ts exactly  20  cc,  of  .  N  H^SO,.  Place  the  dish  upon  a  ground -glass  pIatC|  and 
COTcr  with  a  tightly  fitting  bell  jar,  and  let  set  ihree  to  four  days,  when  the  ammonia 
will  have  been  absorbed  by  the  acid.  The  actd  is  then  colored  with  methyl-orange 
or  fi>fhfnta1  aiid  the  free  add  titrated  with  a 


NaOH, 


The  20  c-c  of  ihe  original  add  would  have  required  50  c-c.  of  —  NaOH.  Each 
cjc  of  the  NaOH  solution  less  than  50,  rerjuired  after  the  absorption  of  the  NH,, 
mpfcsents  0.0017  E^'  ^^  NKp  It  has  been  estimated  that  a  daily  output  of  3 
gm.  of  NH,  corresponds  to  about  6  gm.  of  the  organic  acld^  5  gm.  of  NH,  to  about 
90 gm.  and  %  gm,  of  NHj  to  about  55  to  40  gm.  More  than  5  gm.  of  NH,  occurring 
in  Um  daily  urine  of  a  diabetic  indicates  danger  of  the  approach  of  coma» 

Liptciduria  is  a  tenn  which  has  been  appHed  to  the  condition  in  which  \^tatilc 
fatty  acids  are  found  in  the  urine.  These  occur  normally  in  traces,  especially 
iormic^  acetic,  and  butyric  adds.  As  a  symptom  of  disease,  however,  they  arc  of  no 
Ognificanre,  Formic^  acetic,  ^propionic,  and  butyric  acids  have  tjccasionally  been 
detected  in  the  urine  of  fevers,  m  certain  disease  of  the  liver,  and  in  diabetes.  For 
their  detection  the  urine  is  distilled  with  phosphoric  acid,  and  the  test  applied  to  the 
dlsdUate.  For  simpler  tests  we  may  apply  the  following:  Acetic  arid  may  be  de- 
tected by  the  odor  of  acetic  ether  when  the  distillate  is  warmed  with  alcohol  and 
sulphuric  acid.  Ferric  chloride  gives  a  red  tint,  which  doAppcikn  on  boiting  if 
aeetk  icid  Is  present.  Formic  acid  gives  a  while  precipitate  with  silver  nitrate, 
I  blackens  on  warming. 


Chyluiia. — Chyle  occasionally  occurs  m  the  urine,  and  gives  to  it  a 
or  less  miUt-like  turbidity.  On  shaking  the  solution  with  ether, 
scpanttng  and  e%'aporaling  the  elherj  fat  remains  behind.  In  chyluria 
ihic  opacity  is  due  both  to  the  fat  and  to  albuminous  substances  in  im- 
iierfect  solution.  In  some  cases  the  appearance  of  this  turbidity  is 
mteTmittcnt,  appmring  only  at  certain  times  of  the  day;  in  others  it  is 
oonsiant.  In  some  cases  chylous  urine  deposits  a  spontaneous  cJot  ol 
fibrin,  while  in  others  it  does  not.  The  fat  may  be  separated  by  ei- 
traction  with  ether,  but  the  turbidity  still  remains.  In  some  rare  cases^ 
however^  the  turbidity  disappears  with  the  extraction  of  the  fat. 

Detection,— Its  detection  is  usually  sufficirntly  easy  from  the 
milky-white  ci>lt>r,  and  the  separation  of  the  fat  on  standing,    Miao* 


I 


I 


I 


I 
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scopically,  the  fat  globules  can  be  detected  in  same  cases,  but  in  others 
the  microscope  fails  to  reveal  them.  The  author  has  seen  a  case  where 
ihcy  were  not  visible  with  a  ^V"^"^^  objective. 

Bile,  ^  Urine   containing   bile   has   an   abnormal   color^-either  a 
brilliant  yellow,  a  greenish-yellow,  or  brown.      When  much  bile  is  ^ 
I  present,  the  froth  or  foam  produced  on  shaking  the  urine,  is  quite  per-  ■ 
manenl,  and  is  more  or  less  colored-     A  piece  of  iilter-paper  or  linen 
moistened  with  such  urine  retains  the  yellow  color  on  drying. 


m 


GmeEn^s  Test,— Upon  i  or  a  ex.  of  a  partially  decomposed  yellow  mine  acid,^ 
in  a  test-tube,  carefully  float  4  or  5  c,c.  of  the  suspected  urine.  If  bile-coloring 
matters  be  ptiesent,  a  succession  of  cojors  will  appear  iii  the  urine,  beginning  wrt£ 
green,  then  passing  through  blue,  violet,  red,  and  yellow,  the  green  ap]3caring  at  the| 
top  and  the  otbers  below^  in  the  order  named.  The  green  color  is  always  present; 
wncn  bile  is  present,  but  the  red  dish -violet  color  must  nut  be  taken  for  evidence  of 
bile,  as  the  nomiiil  coloring  matters  of  the  urine  may  produce  such  a  coloration- 

The  Author^B  Test.— To  5  c.c.  of  urine  add  about  half  its  volume  of  strong  HCI 
and  a  few  drops  of  FcjCl^  solution  and  mix  well  by  agitation.  In  the  presence  of 
bile  pigments  the  mixture  assumes  an  emerald  green  color.  It  is  necessary  to 
remember  that  indoxyl  gives  a  blue  color  under  these  conditions,  which  is  easily 
dissolved  and  separated  with  chloroform,  which  docs  not  dissolve  the  green  sub- 
stance. ■ 

Tincture  of  Iodine  Test,— Upon  the  surface  of  the  urine  in  a  test-tube,  float  ftfl 
few  drops  of  ttne  ture  of  iodine.     At  the  line  of  contact  of  the  two  fluids  there  appears,  ■ 


after  a  few  minuicSt  a  l>cauLiful  emerald -green  zone  when  biliary  coloring  matters 
are  present.    This  test  seems  to  be  delicate  and  reliable.* 

Biliary  Acids. — While  the  acids  usually  occur  in  the  urine  ol 
jaundiced  patients,  along  with  the  coloring  matters,  their  detection  Is 
not  so  easy.  We  may  use  the  following  test:  E\Tiporate  the  liquid  to 
diyness,  and  treat  the  residue,  consisUng  of  biliar)^  salts,  with  alcohol, 
and  filter.  After  evaporating  the  alcohol,  apply  Pettenkofer's  test 
(see  p*  407)  to  a  solution  of  the  residue  in  water. 

Ehrlich^s  Diazo-reaction. — This  reaction  is  one  that  is  obtained 
in  the  urine  of  persons  suffering  from  certain  specific  fevers,  especially 
typhoid  fever,  measles,  septicemia,  and  in  some  cases  of  phthisis.  The 
reagent  is  made  as  follows:  One  gm.  of  sulpha nilic  acid  (amido-sulpho- 
benzene)  is  dissolved  in  a  mixture  of  350  ex.  of  water  and  1 5  c.c.  of  hydro- 
chloric acid.  A  second  solution  is  made  by  dissolving  0,5  gm.  of  sodium 
nitrite  in  icxs  c.c.  of  water.  Five  ex.  of  urine  is  mixed  with  an  equal 
volume  of  sulphanilic  acid  solution,  and  then  with  3  or  4  drops  of  the 
sodium  nitrite  solution,  and,  finally,  i  or  2  cx-  of  ammonia  water. 
Normal  urine  shows  with  this  test  a  yellow  or  orange  color,  and  a  pre- 
cipitation of  phosphates.     In   certain  of  the  abo%T-named   diseases, 

♦  Jollts  says  that  an ta pyrin  In  urine  gives  a  similar  green  color. 


I 
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f^jiecially  In  tj^hoid,  ihc  urine  gradually  assumes  a  carmine-red  to  a 
^tnet  color.  The  froth  produced  on  agitation  is  also  distinctly  red, 
and  the  prectpitaitd  phosphaies  show  a  green  or  violet  color.  Many 
phenol  derivatives  give  a  similar  color-reaction  with  the  above  lest,  and 
may  lead  to  erroneous  conclusions.  According  to  Ehrlich,  this  reaction 
is  characteristic  of  the  urine  in  t}phoid,  measles,  and  acute  tuberculosis. 
Others  deny  the  value  of  the  tesij  the  difference  being  possibly  due  to 
the  interference  of  phenol  derivatives.  It  can  usually  be  obtained  in 
the  urine  of  tj-^jhoid  fever  on  the  fifth  or  sixth  day.  WTien  it  is  present 
in  tuberculosis  of  the  lungs,  the  disease  Is  usually  rapidly  fataL 


¥ 


Fennents  Found  in  the  Urine.— Ptpsin,  trypsin,  and  a  dbatasic  ferment  have 
been  found  in  the  urine,  in  addition  to  the  or^amzcd  ferments  of  lactic,  butyric^  and 
acetic  af ids,  and  urea.  The  pepsin  ferment  af  the  urijic  is  said  to  be  absent  in  the 
urine  of  lyphoid  fever,  carcinoma  of  the  stomach,  and,  according  to  some,  in 
nephritb*  * 

Detection. — ^Pepsin  is  best  detected  by  Sahit's  method.  A  little  pure  fibrin  is 
placed  in  the  urine  and  set  aside  for  several  hours.  Ii  is  then  removed,  placed  in 
diluted  HCI  (p. a  per  cent.),  and  the  mixture  kept  at  a  temperature  of  from  jo^  to  46° 
C*  (86**  to  104*  F.).  Any  pepsin  presejit  in  the  urine  is  taken  up  by  the  fibrin,  and 
the  ta^tlcr  h  slowly  digi-stcd  in  the  acid  fiuid- 

The  diastasic  ferment  is  detected  in  the  usual  manner,  by  its  effect  upon  starch* 
mudlage^  The  niilk-curdling  ferment  has  occasionally  been  found  in  the  urine* 
(See  also  p,  541,) 

Ptomaines,  or  diamiiis,  bave  been  foufid  in  healthy  urines  as  welt  as  in  morbid 
urines*  In  most  fevers,  especially  in  the  specific  and  contagious  fevers,  the  urine 
contains  certain  poiscmous  alkaloids.  These  can  be  detected  hy  first  acidifying  the 
urine  and  filtering  from  any  mucus  pr^ent,  and  then  precipitating  ^-ith  the  double 
iodide  of  p*Jtassium  and  mercury*  The  precipitate,  which  contains  these  bases,  is 
distinguished  from  albumin  or  other  sut^Unccs  by  its  solubility  in  alcohol  at  a  gentle 
beat. 

The  dtaniiiis  of  the  urine  may  be  precipitated  as  benzoyl  compound?,  by  benzoyl 
chloride  and  caustic  potash.  By  this  means  cadaverin ,  puttescin,  and  other  diamlm 
have  been  detected  in  the  urine  ol  vesical  catarrh.  Nonnal  urine  is  said  to  be  free 
fftmi  these  tiodies* 

Figments  and  Chromogens. — Eleven  varieties  of  coloring  matters 
have  been  mentioned  by  various  chemists  as  occurring  in  human  urine 
— viz,:  Urobilin,  urochrome,  urospectrin,  uroerythrin,  indirubin, 
mdican*  uromeknin,  urorosein,  urian,  omicholin,  and  omicholic  acid. 
The  fulk>wing  six  chromogens  have  been  described :  Reduced  urobilin, 
UTochroinogen,  uroroselnogen,  indicanogen,  indfrubinogen,  and  uro- 
cyanin. 

It  is  belie%*ed  by  Gautrelet,  as  a  result  of  a  recent  exhaustive  ex- 
amination, that  normal  urine  contains  but  two  primary  pigments  and 
that  the  others  are  derivatives  of  these  two.  These  are  urobilin  and 
uroerytJirin,     He  admits  one  transitor>^  pigment,  urochrome,  and  four 
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chiomogens  or  bodies  which  can  easily  be  converted  into  pigments. 
These  are  urobilinogen,  urochrom-erythro-ruseiiiogen^  mdigugcjij  and 
indirubinogen.     The  whole  subject  is  complicated  and  unsettled* 

UrobUiii|  or  urochrotney  is  the  pigment  to  which  urine  owes  its  am- 
ber color.  It  is  probably  derived  from  bOLrubin,  which  is  a  derivative  of 
hemoglobin.  It  is  imreased  in  all  diseases  where  there  is  an  increased 
destruction  of  red  blood -corpuscles^  and  during  the  resorj^tion  of  lar;ge 
blood -clots*  It  is  diminish&d  in  some  forms  of  anemia,  chronic  paren- 
chymatous nephritis,  diabetes,  certain  nervous  diseases,  and  diseases  of 
the  bone-marrow-  Like  pathological  urobilin,  it  gives  a  green  fluores- 
cence on  the  addition  of  ammonium  hydroxide  and  a  few  drops  of  a  strong 
solution  of  zinc  chloride. 

Uroerythrin  is  the  pigment  which  gives  the  red  color  to  uric  acid 
and  uratic  dej>osits  in  the  urine.  It  is  imreased  in  acute  febrile  disease, 
such  as  pneumonia,  influenza,  typhoid  fever,  malaria;  acute  diseases 
of  the  liver  in  which  the  function  of  the  hepatic  cells  is  interfered  with; 
acute  articular  rheumatism,  and  in  chronic  diseases  of  the  heart  and 
lun^*  When  increased  in  amount  it  is  usually  accompanied  by  urobilin. 
When  increased,  the  urate  deposits  are  highly  colored.  It  is  precipi- 
tated by  acetate  of  lead  and  barium  chloride  solutions,  coloring  the 
precipitates  caused  by  these  reagents.  From  the  depth  of  color  Its 
amount  may  be  approximated* 

Pathological  Pigments. — Hemoglobin  has  already  been  spoken 
of*  Hematin  is  only  rarely  seen.  It  is  best  detected  by  making  the 
urine  strongly  alkaline  with  NH^OH,  filtering  and  examining  the  filtrate 
with  the  spectroscope,  when  the  app^rance  seen  in  No.  12  (Frontis- 
piece) will  be  seen.  The  reduced  hematin  may  also  be  examined  (see 
No.  13), 

Hematoporphyrin,  CuHjpNjOj,  is  a  pigment  occasionally  found  in  ihe  urine  of 
cases  of  rheumatism,  Addison's  disease,  pericarditis,  hepatic  cirrhosis,  and  croupous 
pncumania.  It  is  more  frequently  seen  in  the  urine  of  persons  taking  sulphonal, 
trional,  or  tctronal  for  some  time;  also  in  intestinal  hemorrhage  and  lead  poison- 
ing. When  present  in  conaideFahie  amount  the  urine  ha&  a  reddish  or  port -wine 
color.  It  is  best  identified  with  the  spiectroscope.  The  urine  i$  precipitated  ft»ith 
BaCl,  the  precipitate  filtered  out,  washed  with  water,  then  with  absolute  alcohol, 
and  rubbed  up  in  a  mortar  with  ordinary  alcohol,  acidulated  with  HCl,  and  a^in 
filtered.  The  solution  will  have  a  red  color  if  hematoporphyrin  is  present,  which 
gives  with  the  spectroscope  four  absorption  bands^two  broad  and  dark  and  two 
narrow  and  light. 

Pathological  Urobilin. — This  pigment  h  often  spoken  of  as  }ebHle  urobilin ^ 
from  its  frct|uent  occurrence  in  febrile  urines.  It  is  said  lo  be  identical  with  sler- 
robiUn  of  the  feces.  It  occurs  in  certain  hepatic  diseases^  hepatic  cirrhosis,  chronic 
malaria,  pernicious  anemia,  carcinoma^  scorbutus*  Addison's  disease,  extra -uterine 
pregnancy,  after  cerebral  hemorrhage*^,  hemophilia,  and  in  most  infectious  fevers, 
such  as  measleSj  scarlatina,  typhoid  fever,  etc.     Urines  which  are  rich  in  urobilin 
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i^it^ly  h4v«  A  cUirk^jfciluw  cuIoTj  resembling  biliaiy  urine* 
ia  ^ku  cuJored, 

Det^ctiOii* — Urobilin  k  best  deiKCied  by  tbe  spectroscope.  i»  Addulalc  lo  to 
.20  c.c.  oi  the  suspcx  ted  uhne  wjib  ^i  few  drops  of  HCt|  and  then  shake  with  6  to  10 
cc  of  am/j-alcohol.  Allow  the  akohol  to  scpiiiatc  and  examine  the  i  Lear  alcoholic 
kjrcr  with  tbe  spectroscope*  2.  To  a  portion  of  the  amy  l-aJcohoI  aoluuon  drawn  off 
with  A  pipette  &dd  a  few  drops  of  a  one  per  cent,  solution  of  zinc  chlondu  in  alcohol, 
which  bak  been  made  strongly  alkaline  with  NH^OH,  A  beautiful  green  Huores- 
ceace  appears  if  urobilin  is  present,  and  the  sdutlon  gives  the  spectrum  of  alkaline 
iffobUin. 

The  Chief  Chromogens  found  in  normal  urfne  are  urokemaiin,  urn- 
msein&gcn,  indoxyi^  and  skdloxyi. 

Urohematin  h  a  c-bromogen  which  yields  a  red  color  on  treatment  ^ith  strong 
nci     It  hiks  the  satnc  s^ni^cance  as  indox)'i. 


Uroro$etiiogc]i.^Ty&  is  another  chromogen  which  yletds  a  rose-jtd  color 
when  treated  ih-ich  mineral  adds.  The  rct^-red  ot  deep-red  ting  often  seen  at  the 
cootact  zone  in  applying  Heller's  nitric  acid  test  for  albumin*  is  due  to  the  presence 
ol  Ibk  chromogen  (Roscnbach*s  reaction).  The  coloring  matter  is  removed  by 
shaltng  with  amyl-aJcohol 

■  IndoiyL — This  chromogen  is  found  in  traces  in  normal  urine.    It 

is  patJioIagical  only  when  in  increased  amount*  lis  origin  is  the  indol, 
CjHjX,  produced  in  the  intestinal  canal  during  the  digestion  of  proteids. 
This  h  absorbed,  oxidised  to  indox)^!  in  passing  through  tlie  blood, 
QHfNO^  and  then  combines  with  HjSO^  or  giycuronic  acid,  and  is 

^e£^Illlmled  in  the  urine  a.<  sodium  or  potassitun  tndoxyl-sulphat^  or 
polawiinfn  mdoxyl-glycuronate  sunietimes  called  indican. 


CH^O  +  H^O,-C,fVJO^SO^     ^      ^O 


Isdos^t  tndaxyl  sulphiadc  Adil. 


Indbxrl-wlphimc 

Add. 


Add  Sudium 
PtM$ph«te. 


Wbai  indican  is  treatetl  wiih  strong  HCl,  it  b  decomposed  into  in* 
doxyl  and  eilher  glycuronic  or  sulphuric  acid  and  sodium  or  [KJtassium 
chbridc.  If  now  an  o^tidLs&ing  agent  be  added  to  the  solution,  such  as 
nhrk  add,  the  hyfKKhlorites,  the  nitrites,  or  ferric  chloride,  the  indoxyl 
is  oomivrt^  into  indigo-blue. 

Ifidigo^biue  k  stimetimes  formed  sp>ontaacousIy,  either  before  tr 
after  voiding  the  urine,  and  may  appear  as  a  sediment. 

DetectioE. — To  lo  c.c.  of  the  urine  add  an  equal  volume  of  vcm- 
cenmited  HCl,  containing  0.5  per  cenL  of  Fe^Cl,.  Or,  after  adding 
pure  IICI,  we  may  add  abiut  three  drops  of  the  ordinaiy  F€,Clg  mlu- 


MEDICAL   CHEIOSTRV* 

t!on»  On  standing  a  few  minutes,  a  dark  cloud  will  be  seen  near  the 
top  of  the  mixture.  On  mUing  the  solutions,  and  shaking  with  about  2 
ex.  of  chloroform,  the  indigi>  is  dissolved  by  the  chloroform,  and 
separates  as  a  blue  liquid  at  the  lx>ttom  of  the  tube.  From  the  depth 
of  the  blue  color,  we  may  judge  of  the  amount  of  indican  present. 

Jaff^  uses  two  drops  of  a  weak  solution  of  sodium  or  calcium  hypo* 
chlorite  in  place  of  the  FCjClo,  When  the  hypochlorites  are  used,  great 
care  must  be  taken  not  to  add  enough  to  bleach  the  Indigo- blue.  \Vlien 
this  precaution  is  used,  the  reaction  is  more  marked  than  with  FejCl^, 
W'hen  the  urine  is  dark  in  color,  and  when  it  contains  bile,  it  may  be 
partially  decolorized  by  adding  a  small  quantity  of  lead  subacetate 
solution,  taking  care  not  to  add  an  excess.  The  precipitate  is  filtered 
out  and  the  test  applied  to  the  filtrate.  Some  indigo-red  is  usually 
formed  at  the  same  time  as  the  indigo-blue. 

This  red  coloring  matter  is  not  soluble  in  chloroform,  but  is  soluble 
in  ether. 

SkatoxyL — In  putrid  decomi>osition  of  proteid  matters  in  the 
intestines,  both  indol  and  skatol  are  produced.  They  are  both  oxi- 
I  di2^  and  appear  together  in  the  urine. 

QH^N-CHj  +  O  =  QILNOCHj 

Skfllol  Skaionyi. 

The  skatoxyd  combines  with  HjSO^  to  form  skatoxyl-sulphuric  acid, 

WTien  urine  contains  a  large  amount  of  skatoxj^I,  the  urine  grows 
darker  on  standing  exposed  to  the  air,  beginning  at  the  surface  and 
gradually  passing  downward.  The  color  is  not  a  brown  red,  but  a  red* 
dish  violet.  This  change  takes  pkice  more  rapidly  when  strong  HCl 
is  added  J  and  immediately  when  nitric  acid  is  added.  The  addition  of 
oxidising  agents  h  not  needed  to  develop  the  red  color,  as  in  the  case 
of  indoxyl.  This  red  pigment  is  insoluble  in  chloroform  or  ether,  but 
may  be  easily  separated  with  amyl-akohoL 

Clinical  Sigmficaiice, — Thesignificiinceof  indojEylandof  skatoxyl  is  ihc  same. 
As  they  arc  produced  by  seconder)''  fcrnrtentaiions  of  the  proteid  contents  of  the  Intcs* 
I  tine,  chiefly  the  colon,  the  amount  of  the  pigments  found  in  a  given  urine  may  be 
taken  as  a  measure  of  the  bacterial  putrefaction  of  proteids  in  the  inteE>tinal  canal. 
When  the  peristaltic  movement  of  the  small  intestine  is  diminished,  as  from 
fright,  excessive  brain  work  or  worry,  neurasthenia,  ileus,  and  perilonilis  we  may 
expect  to  find  an  increased  output  of  indican. 

In  simple  consiifHition,  which  is  usually  due  to  a  storage  of  the  contents  in  the 
large  intestine,  where  the  liquid  portion  is  soon  absorbed,  thus  checking  putrefac- 
tive changes,  indii  anuria  is  u&ually  absent.  In  deficient  secretion  of  HCl  in  the 
stomach,  as  in  gastritis  and  ^anric  catarrh,  cnrcinoTna,  involving  a  large  area  of  the 
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slomadi*  ^siiic  ACOQ J.  mod  al  tbe  ha^  «f  mmt  wcmt  fevos,  wt  m^y  aiimt  an  fn- 
crease  of  lodicuL. 

Ifudlcaa  tft  Also  Jbuad  in  tlie  mjnc  of  pammm  iiiliiim^  vidi  enpyeou,  putrid 
broocMtis,  g^ng^eoe  of  die  Idb^  cm  m  odber  snacsivie  uaiditiuBj,  wthac  pm  h 
imderKotiig  puiiid  d«  «Biy»ilK«^    Wlic«  1^  A<mimii|m  wijiiM  d  pnaieid  tmmeajm 

ccimpqsilJoii.     li  must  be  rniir»hnwl^haiwetfg^dttta  dKt««^  tkb  Mc 
**f«d  rne^ts**  wiU  fkvtsr  t^  pradactmof  iodol  in  1^  tMcidi 

Helanogefl  And  M  ebaiit.— Sonc  ndas  <n  ^^^sif  taon  dtati  tsmra  In  1 
coJor.     Such  uiiocs  us^MJJy  ofwiraiiii  taekma^em,  «Uc&  <s  eiptimac  lo  air  *m*^5*"»  j 
to  roeUnin.     Ttui^  ciLromcnda  k  imaljr  Mwdaied  vA  Ae  fwtitiaeiL  trf  1 
tumors.     Mel&nqge&  1^7  £e  liesectEid  %  tmlacM  irilfa  tcioniM  «iMsr«  vilk  wWd^  | 
It  foTtns  a  pirdpitdlC:,  wiikfa  kjdiiiwai  feet,  bet  Eiadua%  1 


Reiml  InsuMcien^.— By  dm  tenn  m  weam  Ife  kabOft^  of  the 

kidney  to  elLminate   sufficieoi  urinaiT  cewwtitwiiti  ta  pre-rail  them 
from  accumulating  in  the  bkiCMj  and  pcmmmg  die  iadividuaL     Rm&i 


doe  to  mmi- 

^  tmtm  boik  kldiseyB. 
Hie  ddcmiftalioa  of 


Eof  ilie»oil 
poiper  c€  tlie 


mpoftut 

£  £idJic)r» 


insuffictencT  kada  lo  tmemia,  or  a 
tioD  in  the  bkxxi  of  urmaiy 
the  result  of  organic  or  ciroilttoij 
and  is  ixsuOy  accumpanied  hf 
the  secreting  power  of  tfe  kidogrs  it  i 
objects  of  uiinari'  nmininalioii^    Ite  J 
15  abo  termed  reoal  permealiilitf* 

Upon  the  permeabillly  of  tlae  Udiac^ii  <i^CBd*  Use  lalet/  of  u 
individual  in  diseased  cinodiliettis  d  theie  aqgifii^  aad  its  deUgn^m^ 
tbn  b  a  matter  of  tlie  i^tawft  iM|NWtniCW     Vidoof  mtkid*  luvi ! 
been  devised  of  stiidyiDg  the  peraKsdiii^^  Jwniiaf  pommt  or 
ciencv^  of  the  kidneys.    Of  l^ese  fwdwidb.  Ife  noit  inyiiitiat  ifi  tli« 
deiermtn^tbn  of: 

I*  Tbe  qiecUk  ffmvkj  oi  thtt  mw£  aad  t^  kjtal  iotti  Mtlfir  «g# 
'creled  in  tw«ity-loor  hoonL  , 

2.  Tbe  told  dafly  ewjrtiiwi  «f  tmai  ^oid  of  ffce  lol«I  iiiiigjifl,         | 

5,  Tbe  fi^^^zing  poiot  of  flic  «&e;p  or  «i  fte  Uttodl 

4.  CatheterizatiM  of  Cbe  W0I0S  md  Mfflfittg  A^  §k0¥§  ImU  U* 
tbe  urine  secr^ad  bgn     "  ' 

The  first  two  of 
notice. 

The  thifd  ma^&Oi 
teotion  in  recent  ycaj^  * 
secreting  pawti  of  tlie  tadat^    The  i 
van^  between  wide  fiMli»  bd  it  ii 
— 1.2^  C    Tbcse 
maaffideiic^'  ilie 


liAtk  itk  kniMr     lit  riitNil 


caidlac  msuffidm^  il  ^  bt  «#  higlk  at  t^  C    Mm  %\m  If  «Nillg 
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point  of  a  solution  of  a  substance  in  a  liquid  with  which  it  forms  no 
I  chemical  union  is  lowered  in  direct  proportion  to  its  molecular  concen- 
tralion,  the  freezing  point  of  the  urine  is  a  measure  of  the  number  of 
molecules  the  kidneys  are  able  to  secrete  in  a  given  time— i.  c.,  it  is  a 
measure  of  the  permeability  of  the  kidne}'S.  A  part  of  the  urinary 
molecules  are  inorganic  salts  (chiefly  NaCl)^  and  a  part  are  organic 
molecules. 

The  NaCl  is  filtered  through  the  glomerular  capilhries  in  solu- 
tfon»  and  the  organic  molecules  are  separated  from  the  blo<xl  by  the 
epithelial  celb  of  the  tubules  or  are  elaborated  by  them.  By  an  esti- 
mation  of  the  NaCl  present  in  a  given  urine,  which  is  easily  done,  ■ 
we  Gin  calculate  the  lowering  of  the  freezing  point  due  to  thi.s  salt.  ■ 
One  per  cent,  of  NaCl  in  an  aqueous  solution  lowers  the  freezing  point 
0*605''  C.  below  the  freezing  point  of  distilled  watej.  By  muhiplying 
the  percentage  of  NaCl  found  by  this  number  we  obtain  the  depression 
due  to  NaCL  By  deducting  this  from  the  total  observed  depression^ 
the  difference  Is  the  depression  due  to  the  organic  molecules,  which  repre- 
sents  the  work  of  the  tubular  renal  cells,  while  the  NaCl  represents  the 
permeability  of  the  glomeruli.  It  is  possible  by  this  method  to  study 
the  relative  permeability  of  the  two  portiom  of  the  kidney  structure. 

The  determination  of  the  freezing  point  of  solutions  is  called  cryos- 
copy.  The  cr)'o&copic  examination  of  urine  is  of  great  service  in  con- 
nection with  catheterization  of  the  ureters,  to  determine  the  permeability 
of  a  healthy  kidney  when  it  is  proposed  to  remove  a  diseased  one.  The 
urine  of  a  diseased  kidney  has  a  comparatively  high  freezing  point, 
and  that  from  a  healthy  kidney  a  lower  freezing  point. 

The  freezing  point  of  the  blood  in  renal  diseases  is  usually  lower  I 
than  normal,  because  of  the  retention  in  the  bkxxl  of  the  metabolic  " 
products  of  the  body,  when  the  kidneys  are  unable  to  excrete  them. 
The  freezing  point  of  normal  bloodserum  is  quite  constant  at  — 0,56° 
C.  It  is  lowered  in  nephritis,  hydronephrosis,  and  pyonephrosis.  In 
nephritis  involving  one  kidney  it  may  reach  --0.58''  C.,  and  when  both 
kidneys  are  involved  it  may  reach  — 0,61°  C.  or  lower.  For  a  fuller 
description  of  the  cr>'oscopy  of  the  urine  the  student  is  referred  to 
"Clinical  Chemistry/*  page  103. 
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URINARY  DEPOSITS  OR  SEDIMENTS, 

Normal  urine  is  clear,  but  on  standing  it  w*ill  usually  deposit  more 
or  less  sediment.  Urine  that  is  turbid  when  passed  wQl  usually 
deposit  a  sediment*  which  may  contain  mucoid  substance,  pus,  blood, 
chyle,  earthy  phosphates,  acid  urate  of  sodium,  or  an  abundance  of  epi- 
thelial cells  from  the  kidney,  ureters,  or  bladder.  A  turbidity  which 
appears  within  a  few  hours  after  the  urine  is  voided  is  most  likely  to  be 
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due  lo  acid  urates,  the  oxalate  of  lime,  or  the  earthy  phosphates.  When 
mA  a  deposit  is  to  be  examined,  a  few  ounces  of  the  urine  are  set 
aside  in  a  cylinder  or  tall  vessel  to  allow  the  sediment  lo  accumulate, 
or,  better,  the  sediment  may  be  separated  from  the  fresh  urine  by  the 


?m,  7o» 


il  machine.  The  urine  to  be  examined  is  well  shaken  and 
^pomtd  into  specially  constructed  tuties  (C,  figure  70) ;  these  arc  pbccd 
h  ilia  jTCCplacl^  (,4)  and  revolved*  The  sediment  forms  at  the  l>tit- 
torn  of  the  lube.  This  has  the  advantage  over  spontanetms  seilimen* 
Ution,  in  that  it  can   be  applieil    while  the   urine  is   fresh.     Some 
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sediments  undergo  changes  an  standing  in  contact  with  urine.  The 
usual  form  of  centrifuge  is  shown  in  figure  70.  It  requires  fro 
three  to  four  minutes  to  obtain  a  complete  sedimentation  of  urdi^ 
nary  urine.  The  sediment  may  be  removed  from  the  solution  b 
means  of  a  pipette,  or  narrow  gbss  lube,  by  holding  the  finger  upon 
the  upper  end  until  it  is  depressed  to  the  bollom  of  the  glass,  and 
then,  on  removing  the  finger  for  an  instant,  the  sediment  will  be  drawn 
up  into  the  tube,  when  it  may  be  removerl  for  examination.  It  is 
more  convenient,  for  the  micTiiscopic  examination  of  urinary  sedi- 
ments, to  dispense  with  the  usual  cover-glass,  as  a  larger  field  is 
available  for  search    for  charact^Istic  objects.      Sediments  may 


he 


imii^ 
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L'tATE;  (f)  Uric  Acid;  (J)  Calcic  if  Oxalatil. 
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either  crystalline,  amorphous,  or  organized.    To  the  crystalline 

deposits  belong  uric  acid,  urates,  calcium  oxalate,  the  phosphates 
or  carbonates  of  magnesium  and  calcium,  cyst  in,  hippuric  acid,  leucin, 
t>Tosin,  etc.  Organized  deposits  include  mucous  coq:iuscIes,  blood, 
pus,  casts,  epithelium,  fungi,  and  bacteria,  J 

The  chemical  examination  of  the  deposits  is  rarely  necessary.  When" 
such  an  examination  is  deemed  necessary,  it  should  be  preceded  by  a 
microscopic  examination.  In  fact,  with  a  little  exj^erience,  the  micro- 
scopic examination  may  greatly  assist  or  render  unnecessary  the  chem- 
ical examination  J  as  most  of  the  unorganized  and  crystalline  sedl* 
ments  may  be  easily  recognized  by  microscopic  better  than  by  chem- 
ical means.  ~ 
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Crystalliiie  Beposits*— Uric  acid  occurs  in  oystah,  differing 
*  much  in  form  and  size,  and  stained  a  brownish-yellow  to  a  light  lemon- 
yellow  color  by  uroxanlhin.  They  are  sometimes  large,  and  when 
grouped  together,  as  at  d,  figure  72,  are  large  enough  to  be  seen  with 
the  naked  eye.  They  dissolve  when  warmed  with  NaOH  solution. 
The  most  characteristic  forms  are  those  shown  in  figures  71  and  72. 

Acid  Urates,— Amorphous  urates  consist  principally  of  acid  sodium 
urate,  (See  Fig,  71.)  The  deposit  is  amorphous  unless  a  ver>^  high 
magnifying  power  is  employed.  Then  it  is  seen  to  be  made  up  of 
minute  globular  particles  of  a  yellow,  red,  or  brown  color.    This  sedi- 


{e}  Sbxavzs;   {d)  Rckettes  or  Wiun^TOBfK  Ckvstai£- 


tnent  separate  only  from  acid  urines.    It  dissolves  to  a  clear  solu- 
tion  on  adding  a  solution  of  NaOH  or  KOH,  or  when  heated* 

For  the  purpose  of  testing  the  solubility  of  the  sediment  under  the  inkroscope,  it 
wifl  be  found  convenient  to  place  a  drop  or  two  of  the  solvent  on  the  slide  at  one 
side  of  the  cover*glas5,  and  put  on  the  other  side  a  piece  of  bibulous  paper.  In  this 
way  the  fluid  h  drawn  under  the  tover-glass  on  the  one  side  and  removed  at  the 
other,  the  old  liquid  being  replaced  by  the  new.  In  this  way  the  action  of  the 
reagent  upon  urinary  sediments  may  be  readily  observed. 

Acid  sodium  urate  sometimes  crystallizes  during  the  acid  fermenta- 
tion, in  the  form  of  larger  spheres  made  up  of  elongated  crystals.    They 
under  the  microscope  as  yellow  or  brown,  frequently  almost 
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cmAQue  spheres,  with  one  or  more  spicule.  When  the  urine  becomes 
alkaline  from  fermentation,  the  amorphous  urates  arc  gradually  con- 
vened into  ammonium  urate,  which  has  the  appearance  seen  in  figure  | 


.^^S 


Fio,  73.— Deposit  or  Ammoniacal  UaiNt  (ALt*uxi  FEiMxjfTATJOM).    (o)  Actd  Amiomai 

I'lLATE,     {b}    AMMOmO-UAtiNESlVU    PMOSrWATfL;     (c)    BaCTEUA. 

Calcium  oxalate  occiu^  as  a  sediment  In  transparent,  strongly 
refracting,  regular  octahedrons,  which  are  readily  soluble  in  HC1»  but 
insoluble  in  acetic  acid.  They  frequently  accompany  uric  acid  crys- 
tals, and  deposit  during  the  acid  fermentation,  as  shown  in  figure  71- 


* 


mi 
0 
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Fic.  t^-OxAtAtiL  or   Liirt.      (a)   Octa- 
hedsa;    ib}  Hasal  Tlane  o?    an  Octa- 

«KD»iON     KUtltlNO       A       ReCTAKCLE^        (f) 
COMPOtJND    FOBMS;     {d}     DL'UB  fiELLS. 


¥m.  75,— FKaFEcT  Dumb-beu.  Ct  y^talr  i 

UXAMTfe   or    LJMEh 


They  are  frequently  called  envelope-shaped  crystals,  from  the  fancied 
resemblance  to  the  reverse  skle  of  an  envelope.     They  are  usually  of 
very  small  size,  and  occasionally  appear  in  the  form  of  dumb-bells. J 
(Figs.  74  and  75*)     A  few^  isolated  crystals  of  calcium  oxalate  hav^J 
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DO  dinica]  significaQce.  They  greatly  increase  after  eating  sucbl 
v^eUbles  as  tomatoes,  fresh  beans,  beets,  asparagus,  apples, 
grapes,  honey,  and  after  the  administration  of  rhubarb,  senna,  squills, 
etc.  Another  source  of  oxalic  acid  in  the  body  is  incomplete  oxi- 
dation of  carbohydrates  and  proteid  retrograde  decomposition  prod- 
ucts. For  this  r^son  it  is  frequently  met  with  in  excess  in  diabetes 
meliitus.  It  is  frequently  excessive  in  fermentative  disturbances  in 
the  intestinal  canal,  and  in  certain  nervous  disturbances.  The  bng- 
continue  excretion  of  an  excess  of  oxalate  of  calcium  frequently  irri- 
lales  the  kidneys,  producing  albuminuria,  and  grave  nervous  disturb- 
ance, and  may  lead  to  the  formation  of  vesii^l  mlculi  or  renal  calculi 


Pig,  76. — A,  C%v^rMs  or  CtBtm;  B,  Oxaute  of  Ltmz;  (f)  Bo^n-Guiss  FcmiB  ^r  Jt. 


It  IS  usually  associated  with  an  excessive  amount  of  uric  add,  mucusi 
and  phosphates. 

Ammonium- magnesium  phosphate  (triple  phosphate)  occurs 
as  a  sediment  in  neutral  or  in  alkaline  urine.  The  crystals  are  large, 
transparent,  highly  refracting  prisms,  usuaUy  in  the  form  seen  in  figure 
78,  Occasionally  it  occurs  in  the  form  of  feather}^  crystals,  or  star- 
shaped  groups.  They  are  never  colored.  They  frequently  attain  a 
size  sufficient  to  render  them  visible  to  the  naked  eye,  especially  in 
a  stnong  light. 

Magnesium  phosphate  is  occasionally  deposited  in  concentrated 
urines  of  feeblv  alkaline  reaction. 
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Calcium  phosphate  crystals  ap|>ear  as  pomted,  wedge-shaped 
prisms,  either  singly  or  in  clusters.  They  are  dissolved  by  acetic  or 
fiydrochbric  acid* 


^^o,   77— T>K?osTT    moM   A    Cass    ot    Ihtlauxd    BLAUDcm    (Aioioniacal   F^mwrntATioM). 
C«)  DrrAciTEo    Efithei^iuk;    ib)   Pds-oorpobclxs;    (c)  Tritu:    Phosphates    (.tO  Micio* 
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Fio.  rS.— The  Mofti  ITsctal  Forms  of  Tjuple  I*ho5phate.    X  joo. 

Calcium  sulphate  is  rarely  present  as  a  urinary  sediment.  It 
occirs  in  the  form  of  long,  colorless  needles  or  prisms,  or  in  elongated 
tables  with  abrupt  extremities. 


Cakhim  carboa«ie 
phous  deposit^  but  on 
of  miniite  spbmcal 

Hippuric  aci' 
the  form  of  four-sided 
The)'  are  solubte  ill 
after  the  administraiioia  ai 
as  cranberries  bilberties^  etc    b  is  tf  ■» 

Cystin.— Hie  oTstak  «f 
plateSf  supeninposed  cir 
They  are  tosohibk  in 


ff%.  ^ft4 


Fta~  ^-^Qjivrftic 


times  also  found  in  solution  in  the  uriiie,     Cystin  b  a 

product  of  proleid  matter,  and  generally  the  rc^t  of  bacterial 

in  the  intestines.     It  is  frequently  a^ociatad  with  diamins  and  cthimal 

sulphates.     It  sometimes  forms  calculi. 

Leucln  and  tyrasin  a  I  ware  occur  together.  Tyrosio  dcoits  in 
the  sediment  in  the  form  of  sheaves  of  very  hoc  cr^-stals,  Leuchl^ 
commonly  associated  with  tyrosin,  is  more  soluble,  but  occiu^  to  some 
cjrtent  in  the  sediment  in  the  form  of  small  spheres,  not  unlike  oil  glob- 
ules, which  in  a  good  light  are  seen  to  be  marked  with  radiating  stria?. 
W^cn  quite  pure,  Icucin  cr)stallizes  in  delicate  plates,  but  as  a  urinary 
sediment  it  usually  forms  spheres.     (See  Fig,  So.)     Tyrosin  has  been 
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found,  together  with  leucio,  in  the  urine,  in  phosphoms  poisoning,  in 
acute  yellow  atrophy  of  the  Uver,  in  leukemia^  and  in  some  of  the  in- 
fectious diseases. 

Fat  is  deposited  In  the  form  of  strongly  refracting  globules  of  %*ar)- 
ing  size,  and  readily  soluble  in  ether.  It  may  be  present  in  the  urine 
in  small  quantities  after  the  fracture  of  bones,  and  in  some  chronic 
cases  of  Brighl^s  disease  attended  with  fatty  degeneration.  In  chy 
luria  it  occurs  in  greater  abundance. 

Indigo  occasionally  occurs  as  a  sediment  in  concretions  and 
phous  fragments,  and  also  in  the  form  of  blue  crystals  and  clustets  I 
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fine,  blue  needles.  The  crystals  of  indigo  are  not  rare  in  decomposing 
and  fermenting  urines,  in  which  they  result  from  the  decompositioii 
of  the  indoxyl-sulphate.  They  occur  more  especially  in  the  urine  f>f 
hepatic  abscess  and  in  cirrhosis  of  the  liver. 

Urinaiy  concretions  of  considerable  size  are  occasionally  to  bf 
seen  in  urine  with  the  naked  eye.  They  consist,  for  the  most  part, 
of  urates,  or  urates  with  uric  acid.  Their  recognition  is  important  In 
the  diagnosis  of  renal  colic.  When  composed  of  uric  acid  or  acid 
urates,  their  color  is  usually  red  or  brown.  Phosphatic  concrelioni 
of  larger  size  occur  more  rarely.  They  are  light  colored.  Otho^  con- 
crelions  are  occasionally  met  with. 
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Foreign  bodies  occur  in  the  urine  imm  accidental  causes,  or  from 
negligence  in  coUecting  the  specimen.  We  may  menlioo  fungi,  yeast- 
cells,  micro-organisms^  fat  globule;  fibers  of  silk,  linen,  ajid  wool; 
feathers,  wood,  starch,  etc.  Bodies  of  this  kind  will  be  seen  in 
almost  every  specimen  examined.  They  will  not  cause  any  confusion, 
after  a  little  practice,  as  they  are  so  different  from  any  of  tlie  charac- 
teristic urinary  sediments  that  mistakes  will  rarely  be  made.  Frag- 
ments of  tumors,  as  sarcoma,  carcinoma,  etc.,  may  occasionally  be 
found,  and  their  import  is  self-evident. 

Organized  Deposits. — Mucous  corpuscles  are  seen  as  rounds 
finely  granular  cells,  somewhat  larger  than  blood-corpuscles,  and  con- 
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taining  from  three  to  five  nuclei*  They  can  not  be  disttnguished  from 
the  colorless  blood-corpusdes,  {Sec  Fig,  85,)  Ptss-corpuscles 
resemble  the  mucous  corpuscles  in  their  appearance.  If  fresh,  warm 
urine  containing  mucous  or  pus-corpuscles  be  examined  under  the 
microscope,  the  corpuscles  will  be  seen  to  undergo  the  ameboid  change 
of  shape,  Wlien  the  urine  becomes  cold,  this  movement  ceases,  and 
the  OHpusdes  assume  the  globular  form.  Water  causes  these  cor- 
puscle lo  swell,  the  nuclei  becoming  more  dbiinct,  and  the  outline 
gradually  disappearing*  Acetic  add  prckduces  a  ?imibr  change,  but 
more  rapidly,  Solutbns  of  KOH,  NaOH,  and  NH^OH  disintegrate 
tb^e  corpusdes,  d^troying  the  cells  and  granules;   the  nuclei  are 
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the  last  to  disappear.    In  alkaline  urines,  therefore,  the  mucous  and 

])Us-coq>uscJes,  if  present,  rapidly  undergo  disinlegraifon. 

Epithelial  cells  of  a  variety  of  shapes  are  found  in  normal  urine. 
Those  from  the  convoluted  portion  of  the  tubules  are  polygonal  in 
shape,  but  on  remaining  for  some  time  in  the  urine  they  absorb  water 
and  become  globular.  They  are  a  little  larger  than  pus-corpuscles, 
and  may  be  dbtinguished  from  the  latter  bv  having  but  one  large,  dis- 
tinct nucleus.  The  epithelial  cells  of  the  loop  of  Henle  and  the  larger 
collecting  tubes  are  columnar  in  shape.  Those  from  the  ureter,  pel- 
vis, and  male  urethra  are  elongated  and  conical,  containing  one  nu- 
cleus near  the  center.  Large,  flat,  squamous,  epithelial  celk  are  ob- 
tained from  the  bladder,  vagina,  and  female  urethra,  (Fig,  83.)  In 
chronic  cystitis,  after  the  laxge,  flat,  irreguku-  cells  have  been  shed 
off,  we  may  have  smaller,  rounded  cells.  Rapidly  proliferating  cells 
have  a  large  nucleus  in  proportion  to  the  remainder  of  the  celL  Old 
cells,  slowly  proliferated  and  desquamated,  have  a  smaller  nucleus  in 
proportion  to  the  rest  of  the  cell.  This  is  of  importance  in  the  diag- 
nosis of  new  growths  likely  to  be  found  in  the  bladder. 

Blood-corpuscles  in  the  urine  appear  as  small,  round,  disc- 
shaped corpuscles  of  a  light  straw  or  red  color^  and  when  seen  on 
edge  appear  biconcave.  They  are  prone  to  changes  in  form  and  size 
on  standing  for  some  hours.  They  undergo  decomposition  in  alkaline 
urines,  change  their  form,  and  finally  become  invisible. 

Casts,— Casts  are  gektinous  molds  of  the  uriniferous  tubules. 
They  may  appear  clear  and  transparent  or  they  may  contain  blood- 
or  pus-corpuscles,  epithelial  cells,  granular  matter,  crystals,  or  oil- 
drops,  imbedded  in  the  substance  of  which  they  are  comi>osed,  from 
which  ihey  are  named  epithelial  casts,  blood-casts,  granular  casts, 
fatty  casts,  waity  casts,  and  hyaline  casts. 

Hyaline  casts  are  perfectly  clear,  transparent  cylinders,  without 
markings,  having  nearly  the  same  refractive  index  as  the  urine,  and 
consequently  are  not  readily  seen,  especially  in  a  strong  light.  (Fig. 
86,)  They  are  more  readily  seen  with  oblique  illumination,  or  by  add- 
ing  a  few  drops  of  solution  of  eosin,  Bismarck  brown,  methyl-green,  or 
fuchsin,  to  the  urine  while  the  sediment  is  forming*  They  are  char- 
acteristic of  the  very  earliest  and  the  recovering  stages  of  nephritis, 
and  are  also  found  in  congestion  of  the  kidney,  or  in  simple  irritative 
catarrh  of  the  tubules. 

Blood-casts  contain  blood-corpuscles  imbedded  in  them,  and  in- 
dicate an  acute  inflammation  of  the  kidney  with  escape  of  blood- 
corpuscles  from  the  circulation  into  the  tubules.  (See  b,  Fig,  86.) 
They  are  characteristic  of  the  very  acute  stages  of  nephritis. 

Epithelial  casts  are  those  in  whose  surfaces  epithelial  cells  from  the 
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tubuks  are  imbedded.     (Sec  r,  Fig.  86.)     The>-  indicate  a  rapid  shetl 
ding  of  the  epithelial  tells  lining  the  tubute,  and  usually  occur  in  ihe^ 
second  stage  of  the  inflammatiunW.  e.^  when  the  inflammation  has  Ioosp' 
ened  the  epithelial  cells.     They  wiJJ  usually  be  found  only  in  acute 
nephritis. 

Granular  casts  are  those  containing  granules,  either  small  or 
large*  The  granular  matter  may  come  from  either  the  dislntegniUon 
of  the  epithelial  cells,  blood  cells,  or  from  the  material  of  the  cast 
itself.  They  are  frequently  spoken  of  as  finely  gnmular,  moderately 
granular,  and  coarsely  granular,  the  amount  of  granular  matter  giving 
an. idea  of  the  amount  of  the  destructive  disintegration  taking  plac« 
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in  the  kidney.  The  dense,  coarsely  granular  varieties,  reiiresented  by 
figure  88,  b,  are  more  especially  found  in  chronic  cases.  The  finelv 
granular  cast  seen  in  figure  88,  a,  may  be  found  in  the  chronic  or  in 
the  ?iubacute  form  of  the  tiii^ease. 

Fatty  casts^  or  oil  casts,  are  such  as  reveal  oil  dfoptt  m  the  ca*t 
mater iaL  They  occur  in  chronic  nephritis  attended  by  fatly  degen* 
eration.  It  is  someiimes  difficult  lo  determine  whether  the  gnnu lar 
degeneration  seen  in  these  casts  is  due  to  the  degeneration  of  the  ca*i 
Itself,  after  having  been  formed,  or  whether  It  is  the  result  of  the  db 
integration  of  blood-cells  or  epithelial  cell.«i.  These  ciuIh  form  In  the 
tubules,  and  often  remain  there  for  a  cunjiiderabic  time — s  vuffictaiS 
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time,  perhaps,  to  undergo  granalar  and  even  fatty  degeneration.  It 
b  certain  that  the  coari^ely  granular  and  fatty  casts  are  never  found  in 
the  earlier  stages  of  the  disease* 

Waxy  casts  are  a  variety  somewhat  resembling  hyaline  casts,  bu 


Pio.  87.— EnrmujAL  Casta. 


Pig.  BA.— GmAiraLAi  Casts. 


are  more  dense  and  more  distorted,  and  frequently  are  cracked  or  tor 
along  the  edges,  or  they  have  lost  ihe  regularity  of  their  outline.  Thc_ 
sometimes  give  a  blue  color  with  sulphuric  acid  and  iodine,  are  more" 

refractive  than  hyaline  casts,  and  are  in- 
soluble in  acetic  acid,  while  hyaline  casts 
are  soluble. 

Mucous  casts  or  cylindroids  are  fre- 
quently spoken  of.     They  are  long,  trans- 
par  en  t ,  fibr  i  liar  bod  ies ,  t  w  isted  a  nd  bra  n  ch- 
ing,  and  lacking  in  the  terminal  features 
of  casts.     They  should  not  be  regarded  as 
casts,  although  we  may  meet  with  mucousJ 
plugs  from  the  follicles  in  the  prostaticl 
urethra  which  closely  resemble  casts.  The 
character  of  the  epilhelial  cells,  with  which - 
they  are  associated,  will  usually  ser\T  tafl 
distinguish  them.    The  absence  of  albu- 
min in  the  urine,  which  usually  accompanies  true  casts,  will  also  assist. 
True  renal  casts  without  albumin  in  solution  are  rare.     Hyahne  casts 
without  albumin  are  not  rare,  but  they  arc  frequently  mucous  instead 
of  true  tube-casts. 
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Casts  can  usually  be  readily  dislingukhed  from  other  bodieji  met 
with  in  the  urine  by  the  peculiarly  rounder!  end,  formed  by  the  pushing 
of  the  cast  material  through  the  tubule,  by  pressure  from  behind,  while 
still  in  a  plastic  condition.  This  rounded  extremity  is  one  of  the  most 
characlerbtic  features  in  casts,  and  when  in  doubt  as  to  the  identity 
of  an  object,  this  will  often  ser\x  as  a  guide. 

False  or  Pseudo-casts, — Cast-Uke  formations  of  urates  will 
occasionally  be  met  with,  and  always  resemble  granukr  casts.  (See 
Fig,  89.)  Masses  of  micrococci  closely  resembling  casts  will  also 
occasionally  be  seen,  but  these  can  usually  be  distinguished  by  their 
appearance,  or  by  their  resistance  to  reagents,  as  caustic  potash,  nitric 
acid,  etc.  Leucocyte  casts  (Fig,  90)  are  met  with  in  suppurating 
conditions  of  the  tubules  of  the  kidney,  in  gonorrhea,  prostatitis, 
and  Icucorrhea. 

Granular  Detritus*— Under  this  name  we  will  designate  the  tU- 
defined  granular  or  disintegrating  masses  of  material  frequently  met 
with  in  cases  of  nephrilb.  These  irregular  or  amorphous  masses  are 
probably  partially  disintegrated  cells,  or  masses  of  free  granules  of  this 
origin.  The  amount  of  this  material  in  any  specimen  of  nephritic 
urine  should  be  noted,  as  an  aid  in  arriving  at  a  clear  idea  of  the  amount 
of  destructive  change  going  on  in  the  kidney.  This  point  is  an  impor- 
tant one  in  prognosis^  as  by  it  we  are  able  to  determine  that  organic 
destruction  of  ihe  kidney  is  rapidly  progressing,  and  the  prognosis  un* 
favorable;  or,  that  there  is  Ultle  or  no  organic  destruction  and  the 
prognosis  better. 

The  following  scheme  for  the  chemical  and  microscopic  examlna- 
lion  of  sediments  will  be  found  useful  as  a  guide  to  rapid  work: 

URIIf  ART  DEPOSITS, 

Chemical  Exautvation, 

Draw  o€f  a  pcirtion  of  ihe  sediment  with  a  pipette  or  glass  ttib«,  and  transfer 
to  a  watch -gJass  or  small  test -lube. 

Dis&alve  ott  heaticig  urine,  .«,*,......  * * >4  mtrmnium  uraU, 

Sol,  In  NH^OH,„ , Cysitm 

r  Soluble  in  acetic  acid, 
Earthy  pkaspkaies, 
InsoL  in  NH4OH,       Insoluble  in  acetic  add, 
Cakium    itxaiak   or 

Gelatinizes  in  Na^OH,  Pus  (see  above). 

Visibly  crystalline  (red), ...._..._... Uric  aeid. 

(   Pale,  easily  soltible  by  heat, .  -  - . Urates. 

Deep-colored^  slowly  soluble  by  heat,  Acid  urates  wHk 

UTo^ryihrin, 
Hed»  insoluble  by  heat,  ilkalics,  or  adds, Bl&od. 


White 
Deposit. 


Insoluble  on  healing. 


AmorpbotiSf 
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MiCEOSCQFICAL    EXAMINATIOK. 

With  A  tle^n  pipette  drsLW  off  a  small  portion  of  the  sediment,  transfer  to  a 
ilcan  gia^  slide,  atid  cfxamiiie  with  a  J-in.  or  J-in.  objective*  A  cover-glass  ma) 
be  dispensed  with. 

"   Small  graittiJes  with  spicules  on  larger  f  .*  *,        c    > 

^1  '  I.  J  J'      L-/III    !    ufitit  =  Stuiium  urate. 

EFranulcs  ;  vaiushea  on  adding  KOW  <    j**  »,        .  _  ^ 

^^t   Tvrr  ]    dark  =  j-lfRimrMIWIM  wraUff, 

or  NaOH, -,..._..,.,,«.. .,.   \ 

Permanent  on  adding  KOH  or  NaOH,,,Ca/ci«wi  farbttnate  (rare). 

Globules,  strongly  fefraclifig  light, , . Fat. 

Yellow,  tross  or  whetstone-shaped,  or  in  ^oupa^  Urk 

Regular  oclahedra,  envelope -«haped«  Caidum  amilaU, 
Hexagonal  plales,  soluble  in  NHjOH  (white),  Cystin. 

Btindlcs  of  needles  crossing  each  other* Tyrosin, 

Large  prisms,  soluble  in  acetxr  acid  (coffin -ltd  shaped), 

line, *  *  ^Aitttnonuj-magnesium  phosphale. 

Brown,  double  spheres,  spit: ulated,  U ralf  of  ammmuum. 
Club-shaped  crystals^  ^i^glc   or  in   gnaups,  Cakinm 
Alkaline  phosphaie. 

Urine*        1    Double  spheres ^  radiated  struciuTe,  soluble  in  acetic 
acid,  With  effcn'escen(:e,_.Cii/^**)Wf  f^rh^naU  (rare)* 
Double  spheres,  insoluble  in  acetic  acid,  Calcium  oxai* 
urate  (rare)* 

Double  spheres,  yellow  or  red,  striated, Uric  add. 

Red  or  yellow  discs,  biconcave  i  somcumt*s  irregular  in  outllixei 

Granulated  corpuscles.     With  ]   Albumin  present,  . Pus. 

diluted  acelrc  acid,  show  j  >  Albumin  absentj  Mmous  corpus- 
to  5  nuclei,  J       ctes. 

Round,  tonicalt  or  flat  cells  with  one  nucleus,  EpiiheHum  from  uri- 
nary trad. 

Tadfxjle -shape,  with  long  tail  (small),  **._*.._..-*  .Spcrmalazaa. 

Cylinders,  parallel  margins,  clear,  granular,  or  containing  epithelial 
cells  or  bIr*odH:ehs, ...,-... *  .Cast$  of  urinijewous  fubttles. 

Fungi,  yeast,  hairs,  threads,  etc,  etc,,.., Exirane^ms  maiters. 
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URINARY  CALCULI. 

Urinary  calculi,  or  concretions,  are  hard  masses  of  urinary  sedi- 
menls  formed  in  the  kidney,  ureters,  bladder,  or  crypls  of  the  pros- 
tate gland.  They  are  simple,  composed  of  one  kind  of  material,  or 
compound  or  mized,  c<jmjx>secl  of  two  or  more  kinds  of  material^ 
deposited  in  concentric  layers.  In  the  examination  of  a  calculus  it 
should  be  sawed  through  so  as  to  expose  these  layers,  and  small  por- 
tions of  each  ktyer  examined  separately.  An  examination  of  a  cal- 
culus is  necessary  to  determine  the  condition  which  led  to  its  forma- 
tion,  and  to  suggest  proper  treatment  to  prevent  the  formation  of 
others*  About  sixty  per  cent,  of  all  urinary  calculi  are  composed  of 
uric  acid  or  acid  urates.  They  are  generally  reddish  and  smooth, 
but  sometimes  tuberculalefl.  About  forty  per  cent,  of  the  remainder 
of  the  stones  are  mixed  uric  acid  and  earthy  phosphates,  containing 
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ither  more  of  the  latter  ingredients*  When  ihe  calculus  starts  as  a  uric 
acid  concretion,  and  the  urine  changeii  £rom  acid  to  alkaline,  the  phos- 
phates are  deposited.  This  change  is  apt  to  occur  sooner  or  later.  The 
cross-section  of  such  a  calculus  shows  very  plainly  the  different  layers. 

Calcium  oxalate  calculi,  or  mulberry  calculi,  comprise  about 
three  per  cent,  of  all  cases  operated  Uf^K>n.  They  are  gray  or  dark 
browTi,  verv'  hard,  and  generally  tuberculated,  when  they  are  often 
called  ''  mulberry  caJculj/'  When  smooth  they  are  often  called  " hemp- 
seed  calculi," 

The  phosphatic  calculi  are  rare,  as  are  those  composed  of  calcium 
carbonate^  cystm,  xanthine  fibrin,  bbod,  indigo,  and  urostealith. 

SUMMARY  OF  COMPOSITION  AND  VARIATIOIfS  IN  THE  TWEWTY- 

^FOUR  HOURS'  URIIfE> 
The  subjoined  table  gives  the  most  prominent  variations  in  physical 
and  chemical  characters,  with  brief  notes  of  their  significance.     The 
student  is  referred  to  the  text,  or  to  one  of  the  numerous  handbooks 
upon  this  subject  for  details: 


VwmcAL 

KOKKAL. 

Altekations  iH  Abnokmai.  CowDiTioies. 

QOor, 

Pale   straw  to 

Colorless ;  neuroses,  chrtroic  Dephritis,  diabeie*. 

rcddUb    yel- 

High colored  :  acute  fc¥er$,  icterus. 

^^ 

low.       The 

Bl4Xjd-red :   blood  or  foreign  color. 

^^L 

usual   color 

Dark  brown:    hematuria,    poisoning  bj  caibollc 

^ 

is  amber. 

acid,  polass,  cblorate,  or  iodoform. 
Smoky    brown :   presence  of   decomposed    blood, 
acute  nephritis. 

■     A 

White:   chyle  or  pus* 

Tntaptnocy. 

Clear,     with 

Urine  torbid  when  passed,  is  abnormaL     "Whitish 

oolf  a  slight 

sediment  may  be  pus^  phosphates,  or  ammonium 

flocculent 

urate. 

cloud  of  mu- 

_ 

coid. 

ComisteuM. 

When  normal, 

When  viscid,  it  indicates  albumin,  bik,  umeM 

urine  is  mo- 

s^ubstaocc,  or  pus. 

bile,    like 

water* 

Odor. 

Peculiar  lo  it- 
self, 
SUghtly    acid; 

Urine  putrid  when  passed^  indicates  cysliti*. 

_    Reactioii. 

Urine  strongly  acid  in  fevers  and  inftammarii>ns  of 

[ 

becomes 

the  liver,  heart,  and  lungs ;    in  acid  dyspepsia. 
Urine  is  ajkaline  in  cystitis,  and  occasionally  in 

L^ 

more     add 

K 

on    sUnding, 

debility,  chlorosis,  certain  organic   nervous  dis- 

■ 

Ihen      be- 

easesi typbu»,  etc. 

■ 

comes    alka-  1 

w 

line. 

J 
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CaNSTITtlBllt^ 


Sttlphtinc  mdd. 


11 
Pbospbarc  of 


Chlodde  of 
flodium. 

Free  acid  (cml- 
culnted  a  s 
oxalic  acid)* 


Total 

inorfank  salts. 

Sodium. 

Calcium. 

Magnesium. 


IK   GRA1K& 


23  to  JS 

461054 

7  to  n 
150  to  250 

CI  r^  90  to 
150 

Na=:6oto 
jpto  60 


200  to  380 

18  to  4S 

140  to  iSo 

4  to  5 
2  to  3 


AVTIZBATIOHS  IM  PATHOUXilCilL  CO«OtTlCM«S, 


Having  more  or  less  the  same  source  as  urea,  it| 
will  incre^ise  or  diminish  therewith      Occim  1 
fulphuric  esters,  and  preformed. 

Increased  tti  fever^p  in  nerve -exhaust  too ,  d 
of  spinal  cord,  aod  in  luberde  of  the  luiif.  Ill 
phosphAtlc  diabetes  the  alka.liae  pbo£.phatcs  are 
^atly  increased* 

Biminiahed  m  maay  mental  di&ea&es,  espeeiallj 
man  la  I  In  nephritis^  and  in  chloroiis* 

Increased  in  catarrhal  jaundice,  and  in  oxalic 
acid  diathesis,  meuUl  depression,  and  certain 
forms  of  dyspepsia. 

Increased  in  osteomalacia,  rickets,  acrofaia^  car- 
cinoma, ]o(ig.  continued  suppuralJon,  organic  dis- 
ease of  tkie  spioa,!  cord. 

Diminished  in  fcTcis. 


Increaaed  in  ferers  at  the  onset,  and  with  the  le^ 

absorption  of  dropsical  fluids. 

Diminished  during  apyrexia,  dropsies,  cbolerm^ 
typhus,  inflammations  generally,  and  especially 
in  the  forming  stage  of  pneumonia. 

Increased  during  the  acme  of  acute  febrile 
aWectlons  (on  account,  probably^  of  the  dimin- 
ished proportion  of  water  present) . 

Dinninistaed  in  moat  diseases  sflfecting  the 
tion  and  leadiag  to  a  deficiency  thereof. 


ORGANIC  Constituents. 


Urea* 


450  to  500 
or 

30  to  34  pn- 


Increased  after  much  meat,  in  ferers,  diabetes 
mellttus,  copious  drinking  of  water  or  alcohol^ 
confresiion  of  liver 

Diminished  in  abstinence  from  meat,  rest,  bepatic 
abscess,  tiephritis,  chronic  wonting  diseases. 


^^H^^^^^B 

SUMMAKY  OF   COMPO« 

^^^H 

JITIONS   AND   VARIATIONS   OF   URINE.        669             M 

THE  URINE  FOR  THE  TWENTY-FOUR  HOURS.— {CMtmmd)            ^H 

OKGA3IIC 

Amoumt 

lit  GHAlNS. 

A^TSKATIOf^  IN  FATHOLOCtCAl.  COKIMTIOKS.                           1 

Uric  iCid.        ' 

♦  to  IS 

(ratio  to  urt*. 

gout,  rbcumatifiin,   de^cient   oiid«tioD ;   OT^ftnle            H 

1  ;  40) 

diseases  of  h^rt,  lungs^  liver,  or  &kin;    After            H 

mmtc  feven  and  excessiire  meat  diet.                               ■ 

Diroiniahed  io  ^e^eiable  diet*  gowt*  before  attack,            ■ 

chronic  rcoal  di&eafc^  ouLdoor  cucrcise.                               H 

S  to  IS 

Increased  with  iregetable  diet,  tfter  laVtng  ben-     ^^M 
Decreaaed  in  animal  diet                                             ^^H 

Cnaimm. 

8  to  IS 

Incrcaaed  m  meat  diet,  and  bcfeai«d  nitjogenon^     ^^H 

mciabolbin.                                                                            I 
Decreased  in  Tegetablc  diet,  and  milk  diet.                        ■ 

Xanthtn 

0.5  to  2 

Increased  in  splenic  disease,  meat  diet,  deficient             ■ 

Bftscs. 

oxidation.                                                                             1 
Decreased  in  Tegetable  diet.                                                 1 

Carbolic  »dd. 

0.015 

Increased  in  certain  diseases  of  the  intestine,             m 

Ocsol.ctc. 

cauiiag  constipation  {ileus*  etc),  but    has  been 
obaenred  to  be  increased  also  m  certain  cases  of 
diarrhea. 

1       Ifbdm/L 

c».07  to  0.05 

Increased  with  diseases  attended  hj  constipatjoii 
and   intestinal    fcnneniation,  and    occasionattf, 
at&o,  in  cases  of  diarrhea.     After  cholera,  can- 
cer of  the  liver  and  siomacb,  pumlent  periton- 
itis.    Valuable  diagnostic  sign  in  typhoid  fever 
and  cancer  of  the  UTcr, 

Acetone, 

Trtces. 

Increased  in  diabetes  mellitus ;  conditions  of  in- 

Dkceiic ftddt 

»* 

creased  pffotdd  metabolism,  with  deficient  w* 

Hfdrojcjbuej- 

it 

dmkm. 

tic  add- 

II 

AlbtiEztiiit 

None, 

Nephritis,  pregmancj,  poisoning  b;  certain  mb* 
stances,  cold  baths,  violent  eaercs^,  rhenroatism, 
infections  ferere,  etc. 

AJbuitio«e,     1 

None, 

Presence  not  clearly  diagiiosuc. 

Peptone. 

None. 

II               til*                    ti 

■      Dextrose, 

None  or  Ince, 

Glycosuria  and  diabetes  melHtus. 

■       Lactcae. 

None. 

Dnrtng  lactatbn,  after  weaning. 

■          BUe. 
1        Blood. 

None. 

Obstruction    in   bjle-duct,  structural  hepatic    dis- 
eases, malarifl.pernicions  anemia,  yellow  atrophy 
of  liver,  typhoid  fever,  and  AsH^  poisoning. 

None. 

Hemorrhages,  giving  hematuria  i   hemoglobin    in 
malaria,  acme  nephritis  (sometimes). 

1          Pus 

None. 

Suppuration. 

■       Mucm. 

Present. 

Increased  in  any  irritation  along  the  urinary  trart, 
by  uric  acid,  calcium  oxalate,  etc.,  catarrh  of 
b  adder,  urethra,  vagina.     Usually  incrcaied  in 
acute  fevers. 

^           __ 

APPENDIX. 


RULES    FOR  THE  SPELLING  AND  PRONUNCIATION   OF 
CHEMICAL  TERMS. 

Adopted  by  the  American  Association  for  the  Advancement  op  Science 

IN  1891. 


In  1887  a  committee  was  appointed  by  the  American  Association  for  the 
Advancement  of  Science  to  consider  the  question  of  attaining  uniformity  in  the  spell- 
ing and  pronunciation  of  chemical  terms.  The  work  of  this  committee  extended 
through  the  following  four  years.  As  a  result  of  widespread  correspondence  and 
detailed  discussion  at  the  annual  meetings  of  the  Chemical  Section  of  the  American 
Association,  the  accompanying  rules  have  been  formulated  and  adopted  by  the 
Association.  They  are  submitted  to  chemists  generally,  and  especially  to  the  large 
number  of  those  engaged  in  teaching  chemistry,  with  the  request  that  a  cordial  and 
earnest  effort  be  made  to  render  their  use  general,  and  thus  obviate  the  many  diffi- 
culties arising  from  the  present  diversities  of  style. 

The  following  sununary  of  the  rules  has  been  arranged  in  the  form  of  a  chart, 
by  the  National  Bureau  of  Education,  for  general  distribution  to  high  schools  and 


For  the  reasons  stated  in  the  preface,  we  have  not  adopted  the  spelling  here 
recommended  for  those  substances  that  are  official.  We  have,  however,  adopted  it 
in  the  names  of  the  newer  synthetic  remedies,  and  in  organic  compounds  not  used  in 
medicine. 

It  is  yet  a  matter  of  doubt  whether  these  rules  will  be  generally  adopted  by 
English-speaking  chemists.  English  chemists  are  not  generally  favorably  disposed 
toward  the  reforms  proposed  and  even  the  Journal  of  the  American  Chemical 
Society  has  abandoned  the  reform  spelling. 

General  Principles  of  Prontjnciation. 

1.  The  pronunciation  is  as  much  in  accord  with  the  analogy  of  the  English 
language  as  pK>ssible. 

2.  Derivatives  retain  as  far  as  possible  the  accent  and  pronunciation  of  the  root 
word. 

3.  Distinctly  chemical  compound  words  retain  the  accent  and  pronunciation  of 
each  portion. 

4.  Similarly  sounding  endings  for  dissimilar  compounds  are  avoided  (hence 
-*d,-ite). 
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Accent. 
polysyllabic  chemical  words  the  accent  is  generally  on  the  antepenult;  in 
where  the  vowel  of  the  penult  is  followed  by  two  consonants,  and  in  all  words 
in  -ic,  the  accent  is  on  the  penult 

Prefixes. 
[  prefixes  in  strictly  chemical  words  are  regarded  as  parts  of  compound  words, 
tain  their  own  pronunciation  unchangea  (as  &'ceto-,  &'mido-,  i'zo-,  hy'dro-, 
i'tro-,  nitr6'so-). 

Elements. 
words  endinff  in  -ium,  the  vowel  of  the  antepenult  is  short  if  i  (as  frl'dium), 
s  dIdjKmiumX  or  if  before  two  consonants  (as  c&lcium),  but  long  otherwise 
/nium,  s€l6'nium,  chrO'mium). 


Q'minum. 

ntimony. 

rsftnic. 

i'rium. 

'smuth  (biz). 

/ron. 

•6'min. 

/dmium. 

/Icium. 

.'rbon. 

'num. 

'sium. 

ilo'rin. 

ird'mium. 

/bait. 

•lii'mbium. 

/pper. 

djKmium. 

rbium. 

i'orin. 

iMIium. 

irma'nium. 

Q'cinum. 


gold. 

hy'drogen. 

I'ndium. 

I'odin. 

Iridium. 

iron. 

Ul'nthanum. 

lead. 

ll'thium. 

magn€'sium  (zhium). 

ma'nganese  (eze). 

me'rcury. 

mdlv^enum. 

nl'ckel. 

ni'trogen. 

6'smium. 

d'xygen. 

pall&'dium. 

phds'phorus. 

pl&'tinum. 

pot&'ssium. 

rho'dium. 

rubi'dium. 


ruthd'nium. 

sam&'rium. 

sc&'ndium. 

s^e'nium. 

sTlicon. 

silver. 

sd'dium. 

strd'ntium  (shium). 

sti'lfur. 

t&'ntalum. 

telia'rium. 

te'rbium. 

th&Mlium. 

thd'rium. 

tin. 

titta'niimi. 

ttl'ngsten. 

ura'nium. 

v&n&'dium. 

ytte'rbiimi. 

yttrium. 

zinc. 

zircO'nium. 


so  &mmd'nium,  phospho'nium,  h&Hogen,  cy&'nogen,  &mI'dogen. 

3te  in  the  above  list  the  spelling  of  the  halogens,  cesium,  and  sulfur;  f  is  used 

place  of  ph  in  all  derivatives  of  sulfur  (as  sulfuric,  sulfite,  sulfo-,  etc.). 


Terminations  in  -ic. 
le  vowel  of  the  penult  in  (polysyllables  is  short  as  (cyft'nic,  fumft'ric,  arsS'nic, 
,  i6'dic,  butv'ric),  except  (i)  U  when  not  used  before  two  consonants  (as 
'ric,  pri'ssic),  and  (2)  when  the  penult  ends  in  a  vowel  (as  benzd'ic,  ole'ic); 
yllables  it  is  long  except  before  two  consonants  (as  bo'ric,  cl'tric).  Exception: 
or  acC'tic. 

he  termination  -ic  is  used  for  metals  only  where  necessary  to  contrast  with 
thus,  avoid  aluminic,  ammonic,  etc.). 
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Terminations  in  -ous. 
The  accent  follows  the  general  rule  (as  pU'tinous,  s&'lfurous,  phd'sphorous, 
cobaltus).     Exception:  aci'tous. 

Terminations  in  -ate  and  -ite. 
The  accent  follows  the  general  rule  (as  i'cetate,  vi'nadate);  in  the  following 
words  the  accent  is  thrown  back:   ft'bietiite,  &'lcohollLte,  ft'cetonilte,  &'ntimonite. 

Terminations  in  -id  (formerly  -ide). 
The  final  e  is  dropped  in  every  case,  and  the  syllable  pronounced  id  (as  chlo'rld, 
fodld,  hy'drld,  6'xld,  hydrd'xid,  stt'lfid,  &'mld,  &'nilld,  murCxId. 

Terminations  in  -ane,  -ene,  -ine,  and  -one. 

The  vowel  of  these  syllables  is  invariably  long  (as  mi'thane,  ^thilne,  na'phtha- 
lene,  a'nthracene,  pro'pinc,  qui'none,  a'cetone,  ke'tone). 

A  few  dissyllables  have  no  distinct  accent  (as  benzene,  xylene,  cetene). 

The  termination  -ine  is  used  only  in  the  case  of  doubly  unsaturated  hydrocar- 
bons, according  to  Hofmann*s  groupings  (as  propine). 

Terminations  in  -in. 
In  names  of  chemical  elements  and  compounds  of  this  class,  which  include  all 
those  formerly  ending  in  -inc  (except  doubly  unsaturated  hydrocarbons),  the  final 
e  is  dropped,'  and  the  syllable  pronounced  In  (as  chlo'rin,  bro'min,  etc.,  &'mln, 
ft'niUn,  mo'rphin,  qui'nin  (kwl'nin),  vanl'llln,  allox^'nthin  absi'nithin,  emfi'lsln, 
cI'fFein,  co'cain. 

Terminations  in  -ol. 
This  termination,  in  the  case  of  specific  chemical  compounds,  is  used  ex- 
clusively for  alcohols,  and  when  so  used  is  never  followed  by  a  final  e.     The  last 
syllable  is  pronounced  -61  (as  gly'col,   phe'nol,  cre'sol,  th^mdl  (ti),  gly'cerdl, 
qul'nol.     Exceptions:  Alcohol,  a'lgdl. 

Terminations  in  -ole. 
This  termination  is  always  pronounced  -die,  and  its  use  is  limited   to  com- 
pounds which  are  not  alcohols  (as  I'ndole). 

Terminations  in  -yl. 
No  final  e  is  used;   the  syllable  is  pronounced  yl  (as  a'cetyl,  ft'myl,  cC'rotvl, 
dKtyl,  ft'thyl). 

Terminations  in  -ydc. 
The  y  is  long  (as  a'ldehyde). 

Terminations  in  -meter. 
The  accent  follows  the  general  rule  (as  hydr6'meter,  bar6'meter,  lact6'meter). 
Exceptions:  Words  of  this  class  used  in  the  metric  system  are  regarded  as  compound 
words,  and  each  portion  retains  its  own  accent  (as  cCntime^ter,  mi'llimc"ter, 
kriome^'ter). 
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Miscellaneous  Words 
:h  do  not  fall  under  the  preceding  rules. 

Note  the  spelling:  Albumen,  albuminous,  albuminiferous,  asbestos,  gramme, 
cal. 

Note  the  pronunciation:  A'lkallne,  a'lloy  (n.  and  v.)t  a'Uotropy,  a'llolropism, 
neriKn,  p6'lymerism,  apparft'tus  (sing,  and  plu.),  &'qua  regia,  bary'ta,  c&nti- 
le,  co'ncentrated,  crystallln  or  crystalline,  electrd'lysis,  liter,  m6'lecule,  m6- 
ilar,  nO'mencl&"ture,  ole'fiant,  vft'lence,  a'nivft"lent,  bi'va"lent,  tri'va"lcnt, 
driva"lent,  U'trate. 

List  of  Words  Whose  Use  Should  be  Avoided  in  Favor  of  the 
accompanyino  synonyms. 

For—  Use — 

:,  calcic,  zincic,  nickelic,  etc., sodium,  calcium,  zinc,  nickel,  etc' 

rid,  etc.,  chlorid,   etc.   {vid.   termination    in    -ic, 

supra). 

netted  hydroeen, arsin. 

nonetted  hydrogen, stibin. 

iphoretted  hydrogen, phosphin. 

iretted  hydrogen, nydrogeft  sulfid,  etc. 

Ilium, glucinum. 

ium, columbium'. 

mn, glycerol. 

x>quinone  (and  hydrochinon), quinol. 

•catechin, catechol. 

rein,  etc., resorcinol,  etc. 

nite, mannitol. 

itc,  etc., dulcitol,  etc. 

'X)l, benzene, 

d\,  etc., toluene,  etc. 

1, caffein. 

jrol, furfuraldehyde. 

sol, fucusaldehyde. 

3l, methyl-phenate. 

letol, ethyl-phenate. 

hoi, methyl-allyl-phenol. 

logens, alkyl-haloids. 

(n), strength  or  standard. 

(v), titrate. 

ovalenl, univalent. 

lent, bivalent,  etc. 

itivalence, valence. 

Fate,  fat,  far,  mele,  m$t,  pine,  pin,  marine,  note,  n6t,  m6ve,  tube,  ttib,  riile 

'  Primary  accent;  "  secondary  accent.  N.  B. — The  accent  follows  the  vowel  of 
syllable  upon  which  the  stress  falls,  but  does  not  indicate  the  division  of  the 
i  into  syllables. 


TABLE   OF  WEIGHTS  AND   MEASURES. 

ENGLISH  WEIGHTS. 


TROY  WEIGHT  OR  APOTHECARIES'  WEIGHT  (U.  S.  P.). 

B  s  a 

Ommces.             Drackms.             Scrubs. 
.  .  .  12 96 jB8  .  . 


3. 


Gnams. 

•  •  57^ 
.  .480 
.   .      60 


Crmmu. 

373.3419 

31.1035 

3.8879 

1.3959 

001648 


(hmcrs, 
.  .  16 .  . 


AVOIRDUPOIS  WEIGHT. 
Dfiackms,  Gn 

.  ....  256 7000. 

•  •  •  •    «6 437.5 

1 27.3i3 


GroMU. 

453-5936 

38.3495 

1.7718 


C. 
CMihm, 
I  •  .  . 


APOTHECARIES'  OR  WINE  MEASURE  (U.  S.  P.). 
O.  fl  (%  m 

Fl.  Ozs.          Fl.  Drackms.            Mmau. 
.  12S 1024 61440 


Pm£s. 

.  .8. 


x6. 


12S. 
8. 


7680 

480 

60 

I 


ex. 
3785- 
473- 
39.57 
3-2 
0x6 


PmU. 

.  .8.  . 
X .  . 


IMPERIAL  MEASURE. 
Adopted  by  tbe  British  Phaxmacopoeia. 
H.  Ozs.  Fl.  Dracktms.  Ahniwu. 

.   .   .  1280 76800 

...    160 9600 

...       8 480 

I 60 


.160. 


4543.5 

567.9 

38.4 

3.55 

0x6 


METRIC  MEASURES. 
MEASURES  OF  LENGTH. 


X  Minimeter  » 

X  Centimeter  = 

X  Decimeter  = 

X  Meter  = 

X  Decameter  = 

X  Hectometer  » 

X  Kilometer 


X    Myriameter  =»  xo/ioo. 


0.001  of  a  meter. 
ox»io  of  a  meter, 
aiooofameter    • 
X.       Meter 
10.       meters, 
too.       meters. 
1000.       meters 


meters         = 


aboat  4  inches. 
39.37  inches. 


about  ^  of  a  mile, 
about  6H  miles. 


MEASURES  OF  SURFACE. 


X    Centaire 
X    Ara 
X    Hectare 


X  square  meter 
xoo  square  meters. 
lOfioo  square  meters 


=    about  1 1  square  jraids. 
=    about  2%  acres. 


MEASURES   OF  VOLUME. 
X    Cubic  centimeter              =>         0.001  of  a  liter. 

X    Liter  (cubic  decimeter)    =  1000  cubic  centimeters. 

I    Cubic  meter  =  1000  cubic  decimeters. 

X    Cubic  meter  =  1000  liters,  or  x  kiloliter. 

X    Cubic  meter  ~         i  stere. 


MEASURES   OF    WEIGHT. 

I  Millimm     »  o.ooi  of  a  gram    =    about  A  of  a  grain. 

I  Cent^pam    »  o.oio  of  a  gram. 

X  Decigram     »  o.iooof  agram. 

X  Gnun            »  x.       Oram          =    about  15^  graina. 

X  Decagram    >»  10.       grams. 

X  Hectogram  »  100.       grams. 


I    Ki]o(gram)  -»    1000.       grams 

X    Tonnean       =    1000.       kilos 
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=  about  3^  pounds. 
•—  about  I  ton. 
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TABLES  FOR  THE  COHVBRSIOH  OF  WEIGHTS  AND  MEASURES. 

Based  upon  the  value  39.37  inches  for  the  meter,  and  15432.2 
ins  for  the  kilogram. 

The  following  tables  embrace  the  chief  measures  of  length,  weight, 
I  capacity,  giving  the  required  equivalents  of  the  nine  units. 
Itiple  numbers  are  found  by  moving  the  decimal  point  to  the  right, 
1  fractions  by  moving  it  to  the  left.  Thus,  if  it  be  desired  to  find 
equivalent  of  125  grains  in  milligrams,  we  proceed  as  follows: 

1  gr.    —    64.80  mgm.,  and  100  grs.  then  =  6480  mgm. 

2  grs.  =  129.6       "         "      20   "       "     =  1296     " 
5  grs.  =  324  "         "        5   "       "     =    324     •• 


125  grains       =8100  milligrams. 
I  gm.,  the  above  would  be  8.100  gm. 


As  1000  mgm 

If  it  be  desired  to  find  the  value  of  1.45  gm 

:ollows: 


m 


grains,  we  proceed 


I 

gm. 

,  = 

15.43    grams. 

4gm. 

=  61. 

.72  grains 

0.4    gm.  =    6.172 

Spn- 

=  77 

15     " 

0.05    "     =    0.7715 

<• 

22.3735  grains. 

MlLU- 

Gkains.  Mcm. 

Inchrs. 

.      METERS. 

Fl.  Oz.     cc. 

cc. 

MiNTMS. 

I  «=     64.8 

I  = 

^5-J 

I  -     29.57 

I  = 

16.2 

2  =  129.6 

2  = 

50.8 

2  ■=    59-1 

2  = 

324 

3  =  1944 

3  =■ 

76.2 

3  =    88.7 

3  = 

48.6 

4  =  259.2 

4  =• 

IOI.6 

4  =»  118.3 

4  = 

64.8 

5  =  324.0 

5  =» 

127.0 

5  =  147-8 

5  = 

81.0 

6  =  388.8 

6  = 

152.4 

6  -  177.4 

6  = 

97.2 

7  =  453-6 

7  = 

177.8 

7  =  207.0 

7  = 

1 13-4 

8  =  518.4 

8  = 

193-2 

8  =  236.5 

8  = 

129.6 

9  =  5832 

9  =• 

228.6 

9  «=  266.1 

9  = 

145-8 
Fl. 
Drachms. 

tOY  Oz.    Gm. 

] 

Feet. 

Meteks. 

Pints.       Liters. 

cc. 

I  =     31. 1 

I  = 

0.3048 

I  -       0.473 

I  = 

0.27 

2  =     62.2 

2  = 

0.6096 

2  =       0.946 

2  = 

0.54 

3  =    93-3 

3  = 

0.9144 

3  -       1.419 

3  - 

0.81 

4  =  124.4 

4  = 

1. 2192 

4  =       1.892 

4  = 

1.08 

5  =  155-5 

5  = 

1.5240 

5  =       2.365 

5  -= 

1-35 

6  =  186.6 

6  = 

1.8288 

6  -       2.838 

6  = 

1.62 

7  =  217.7 

7  = 

2-1336 

7  =       2.311 

7  = 

1.89 

8  =  248.8 

8  = 

2.4384 

8  -      3.784 

8  = 

2.16 

9  =  279.9 

9  = 

2.7432 

9  =      4257 

9  = 

2.43 

V.  Oz.      Oil. 

Minims. 

C.C. 

Gm.     Grains. 

Liters. 

Fl.  Oz. 

I  =-     28.3s 

I  = 

0.0616 

I  =     15-43 

I  = 

33-8 

2  =     56.70 

2  = 

0.1232 

2  =     30.86 

2  «= 

67.6 

3  =    85-05 

3  = 

0.1848 

3  =     46.29 

3  = 

101.4 

4  =  113-40 

4  = 

0.2464 

4  =     61.72 

4  = 

135-2 

5  =  141-75 

5  = 

0.3080 

5  =     77-15 

5  = 

169.0 

6  =  170.10 

6  = 

0.3696 

6  -    92.58 

6  = 

202.8 

7  =  198-45 

7  = 

0.4312 

7  =  108.01 

7  = 

236.6 

8  =  226.80 

8  « 

0.4928 

8  =  123.44 

8  = 

270.4 

9  -  255.15 

9  -=* 

0.5544 

9  =  138.87 

9  - 

304.2 
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Av. 

POUKDS. 

1  = 

2  = 

3  = 

4  =* 

5  " 

6  = 

7  =- 

8  » 

9  = 


Kilo- 
grams. 
0.4536 
0.9072 
1.3608 
1.8144 
2.2680 
2.7216 
31752 
3.6228 
4.0824 


Fl. 
Drachms. 

C.C. 

I  » 

3-7 

2  = 

7-4 

3  - 

II. I 

4  = 

5  =• 

14.8 
18.S 

6  = 

22.2 

1: 

259 
29.6 

9  = 

33-3 

Kilos. 

1  = 

2  = 

3  = 

4  = 

5  = 

6  = 

7  = 

8  = 

9  = 


Av.  Oz. 
2.2 
4.4 
6.6 
8.8 

II.O 

132 
15.4 
17.6 
19.8 


Cu. 
Liters.     Inches. 
I  =       61 


2  = 

3  = 

4  = 

5  = 

6  = 

7  « 

8  = 

9  = 


122 

183 
244 
305 
366 

427 
488 

549 


Grs.  per  f 5j  X  0.2191  =  grams  per  100  c.c,  or  per  cent. 


TABLE  OF  THERMOMETRIC  EQUIVALENTS. 

CENTIGRADE  AND  FAHRENHEIT  SCALE. 

F.' 
270 

275 
280 
284 
285 
ago 

29.3 
295 
300 
302 
305 
310 
3" 
315 
320 

325 

329 
330 
335 
338 
340 
345 
347 
350 
355 

i£ 

365 

374 
392 


c.» 

F.' 

C 

F.« 

C.« 

F.« 

c.» 

—40 

—40 

18.3 

^A 

^5. 

167 

132.2 

—372 

—35 

20 

68 

76.6 

170 

135 

—35 

—31- 

21. 1 

70 

79.4 

175 

1377 

—34-4 

—30 

23.8 

75 

80 

i^ 

140 

-31.6 

—25 

25 

^ 

82.2 

140.5 

—30 

—  22 

26.6 

85 

185 

143.3 

—28.8 

—20 

29.4 

85 

87.7 

190 

145 

—26.1 

-15 

30 

86 

90 

194 

146. 1 

-25 

—  13 

32.2 

90 

90.5 

195 

148.9 

—^3-3 

—10 

35 

95 

93.3 

200 

150 

—20.5 

—5 

37.7 

100 

95 

203 

I5I.6 

—20 

—4 

40 

104 

96.1 

205 

154.4 

—17-7 

0 

40.5 

105 

98.8 

210 

155 

—15 

5 

43-3 

no 

100 

212 

157.2 

— 12.2 

10 

45 

"3 

101.6 

215 

160 

—10 

14 

46.1 

"5 

104.4 

220 

162.7 

—9.4 

15 

48.8 

120 

105 

221 

165 

—6.6 

20 

50 

122 

107.2 

225 

165.5 

—5 

23 

51.6 

125 

no 

230 

168.3 

-3.8 

25 

54.4 

130 

112.8 

235 

170 

— I.I 

30 

55 

131 

"5 

239 

171. 1 

0 

32 

57.2 

135 

iiS-5 

240 

173.9 

1.6 

35 

60 

140 

1 18.3 

245 

175 

4.4 

40 

67.7 

145 

120 

248 

176.6 

5 

41 

65 

M9 

121. 1 

250 

IJ^' 

7.2 

45 

65.5 

150 

123.9 

255 

10 

50 

68.3 

155 

125 

2^ 

182.2 

12.2 

55 

70 

^^ 

126.6 

185 

15 

^ 

71.1 

129.4 

265 

190 

iS-5 

73.8 

165 

130 

266 

200 

ICEPICAt   aiEMISTRV, 


ALPHABETICAL   TABLE    OF    EQUIVALENT 
MEASURES. 

I  Art  •..,.,., *    p   -  =  lOO  iq.  meters  ^:  119.6  sq.  yards. 

I   Barrel  (wine)     ,.,.,.,,...,.....,.    ,  ;=  1. 1 92  bcctoUter^. 

I   B^rTel  (imperial}    ,    ,    ,    .    , ,    ,    •    ,    ,  2^  1.635  hecto! Hers, 

I  Eusiiel  (dry) ,..,,**, =  3S-M3  Uiers. 

1  Centimeter.    .    , .    ,  =  .jjj  meter  =  0.3937  !D, 

t  Cubic  centimeter    .*».,.,..,*.   ,  =  r6,2  mmims^o.o6ro2  cu.  in. 
t  Cubic  cen^  imeter  of  dist.  water  «l  4^  C,     ,,*,*.*♦.,     weighs  i  gnun. 

I  Cubic  decimeter  ( I  liter)  (1000  cc)  of  dbt.  water wetgh&  I  kilo^am. 

I  Cubic  decimeter  (impcri  a  (meisu  re) ,    ,  =^  61.03  cu.  in.  =0  S804  qL 

I  Cubic  decimeter  (AmericaQ  wine  measure)    «    ,  ^33.8  fluldounces,  or  1.056  qts, 

t  Cubic  foot   .    .    .    ,    , =  1628  ctj.  in.  =28,315.31  c.C. 

I  Cubic  foot  of  water  at  62*  F,  {16,6' C) ,   weighs  62  32  lbs.  av. 

t  Cubic  inch  .*,,,.,.,*,    ^    ,,,,,*  ^  366  minims  =  16, 3S6  c.c 

I  Cubic  mcb  of  water  at  62^  F.  (16.6*  C.)  .    ,  weighs  252.46  gts.  =  16.372  grams. 

I  Cubic  meter  (1  St  ere)     ,,,,.,..,.,.    ,  ^  looo  liters  ^^  35,30  cti.  ft. 

I  Dtmchm  (troy)    ,,    *   ,,    ^    ..,,,,*.    ,    ,^==3,888  grams  =^60  grains. 

I  ' 

I 

I 

I 

t 

I 

I 

t 

I 

I 

t 


Fluidracbm      »,.,    ^,    *    ^    ^    .,,.»,,.   ,   ,  ^^  60  minims  ^3.697  c.c. 

Fluidounce  (imperial)    ,    ,    .    ^    , ==  58  4  c.c.  ^r  1.7329  cu.  in, 

FLuidounce  (wine  measure]  ,    ,    ,    *    * ^=29,57  C.c.  ^  1.8047  cu.  in. 

Fluidouoce  of  water  (wine  measure)  at  62**  F.      *    .    ^    ^^    »    .    'weighs  456  grains. 

Fl uidou nee  of  water  (wine  measure)  at  60*  F* weighs  29.57  grams, 

Fluidounce  of  water  (irapcrial)  at  62^  F,    ,    ,    ,    ♦    ,    ^    ,    .    weighs  437.5  grains. 

Foot  {12  inches)     ,,..,,,,,...,,,,,.    ^  34.48  cent imetets. 

Gallon  {imperial)  ,,,,*,,*,.,»,     =  277.37  co.  in.  =4.545  liters. 

Gallon  (wine)     ,    ,    ,    , —  231  cu.  in.  =3.785  liters. 

Gallon  of  water  (imperial)   .<,>....  weighs  lo  lbs.  i  wine,  gallon,  8.34  lbs. 

Grain  (troy)    ,.,,♦,,. ,    ^^  0.064S  gram* 

1  Gram  (weight  of  1  c.c.  of  water  at  4*  C,  39. a*  F.)    ,    .    ,    .    =15.4323  grains. 
I  loch     ........,,.,,.,,...*,,,,  ^  2. 54  centimeters. 

]   Kilogram     .*..,,,,,    ,  ^  looo  grams  ^  2.7  lbs.  troy  ==  2  2046  lbs.  av. 

]   Liter  (see  cubic  decimeter) ,   ,  ^  61.027  ^^-  ^' 

1  Meter  (one  forty  millionth  of  earth's  meridian)  ..,,,.,,  ^^  39-370^  in. 
I  MicromiHimeter   .,»,..,.,,.,..  oooi  millimeter  =  0.00003Q  in. 

1   Minim ,  =;  O.06 1 6  c, c.      I  minim  of  wnt*T  weighs  0.95  grain. 

I  Ounce  (troy) ,    ,    .   =480  grains  =  31. 1  grams. 

I  Ounce  (aToirdupoi.s) ,=  437.5  grains  =  28.35  grams 

I   Pint  (imperial)    ..    *    ^    .    ^    ,,,..•,*    ,   ^20fiuidounce5i^  567.93  c.c 

I  Pint  (wine  measure)  .    . =zr  1 6  fluidounces  =  473.15  c.c. 

t  Pound  (troy)       , —5760  grains  =  373.24  grams. 

I   Pound  (avoirHupois)  ......,.,.,,     ^=  7000  grains^  453.59  grams. 

I  Quart  (imperial!,  40  fluidoonces    .    » =  69.3a  cu.  in.  =  1. 135S  litei^ 

1  Quart  (wine  measure),  32  fluidounces =  58.30  cu.  In.  =0.9463  liter. 

I  Ton  (ftvoirdupois)  .  .  .  =  2000  lbs.  =  29,167  ounces  Lroy  =  907,20  kilogTMns. 
I  Tonneau  .   »,,,,.,,    ^^  l,fX30,ooo  grams  =  1000  kilos  i=  2104.6  lbs,  a  v. 
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TABLE  OF  SPECIFIC  GRAVITIES  NAMED  IN  THE  U.  S.  PHARMA 
COPCEIA.  8th  decennial  REVISION. 


Compiled  by  Dr.  W.  Schroeder,  Jr. 


0.790 

.about  IJ045 


COMPAEED  WITH  WaTEE  AT  2^  C  (77*  F.). 

AcrtoDUzn. 

Acidam  aceticuoi, 

dilutum,... 

**  "       gUdale, not  auo\-e  IJ049 

**       hydriodicum  dihitum, aboot  1.106 

**       hydrobromicom  diiutum.. .  .about  1^73 

hydrochloricum aoout  1.158 

**                                  dahitum,..  about  IJ049 
^       h7popbosphoffx>suin, about  1.130 

about  IJ043 

**       fautkum, about  i.ao6 

nitriaun about  1.410s 

dihitum, about  ix>54 

"       oleicum about  o.«95 

**       phospboricum, about  1.707 

A     **  "  dihitum, about  ix>57 

**       sulpburicum not  bdovr  i^a6 

"  **  aromaticuni,  .  .about  0^933 

diiutum,   about  IJ067 

**      sulpburosum, not  las  than  ix»8 


Adept.. 


f  about  0.917 

•  tat  4o'C  (104"  F.)  0.904 

0.716100.717 

aceticus, 0.S83  to  0.885 

Mikfta  chloridum at  8<*  C.  (46.4**  F.)  0.910 

A******** {at  i5.6»C.(66»F.) about S.816 

**        diiutum, 

J  about  o  930 

1 15.6'  C.  W  F.)  about  0.936 

Amyfis  nitm, 0.865  to  0.875 

Aqm  ammoniar 0^958 

^*  "        fortior, 0.897 

Bdbunum  peruviaoum, 1. 140  to  1.150 

Bcnxaldehydum about  ix>45 

ftf  iwiim, oJbii  to  oi36o 

Bnmolonnum, 3.808 

Bmnum, at  15"  €.(59'  F.)  a.990  to  3.000 

Ckmpliova, 0.990 

Ctebopg  diwilphidwm, 1.256  to  1.257 

Cenalba, 0.950100.960 

••   flava, 0.951(00.960 

Otarmm  I  -^    0.938(00.944 

*^«*"**^ lmtioo«»C.(2ia*F.)oJ4a 

CUoroformum, not  below  1.476 

Ckryaarobinnm, 0.930  to  0.933 

Gnnaki^ydnm, about  1A17 

Copaiba, 0.950100.995 

Creoaotum, not  below  1^72 

Gresol, 1.033 

Eocalyptol, 0.9*5 

Eofenol 1.072  to  1.074 

FcTbom. xjoxK  to  1.025 

Glycerinum not  less  than  1.246 

Guaiacol, i  ,140 

Hydnunmim i3-5.is 

lodam, 4-048 

limoois  succus. 1.03010  1.040 

Laqoor  ferri  cfaloridi 131^ 

••         "    subsulphatis, 1^48 


COXFAKEO  WITH  WaTES  MX  »^  C.  (77*  F-)- 

liquor  ferri  tersolphatis, 1-43* 

formaklehycb, 1.075  to  ij>7* 

hydxazsyn  nitnuis, about  2.0&0 

piumbi  subacrtatis, 1-235 

poiassii  hydraadi, about  1.040 

sodc  rhkiirinaiat, about  1.050 

aodii  hydrondi, atiout  2.056 

**      zinci  ciiloffidi,. .............about  1.548 

Mctkyfis  sdicylaa,  ..-. 1. 180  to  1.185 

Oleum  adipis, 0-905  100^15 

arthcreum,  ...................... OJ905 

*  amygdalae  amarr, IJO45  10  ix>6o 

*  eajEi  Willi, 0.910100.915 

*•      anisi. 04^75  to  0.985 

"      aurantii  conicis, 0.&43  to  0.846 

cajuputi, 0.915100.935 

"      can, 04^05  to  0.915 

"      caryophyDi, ix>4otoi.o6o 

**      chcnopodii, about  o^gbs  to  0.985 

*  dnnamocni, IJ045  to  1.055 

,      ••      coinibs, 0.895(00^905 

"      coriandri, 0.863100^*78 

••      cubebae, 0.905*00.925 

*•      erigerootis, 0.845  K  0^*65 

"      euodypti, 0^905(00.925 

••      fcniioili, 0.953(00.973 

**      gaultberix, 1.172101.180 

**      goasypii  seminis, 0.915(00.931 

"      nedeomae, 04^30(004^35 

hiniperi 0.860  (o  o>4jo 

la\-aiidulae  florum, 0.880  (o  0802 

••      fimonis, 0.851(00.855 

**      lini» 0.935  (o  0.935 

roenfb*  piperitae, 0.804  to  0.914 

\-iridis, 0.914(00.934 

"      morrfauae, 0.918(00.933 

**      m^rrisdcae, 0863(00.910 

**      ohvae, 0.910  (o  0.91 5 

"      pids  Kquidc, 0^)65 

*•      pimoKae, 1^33  (o  ix>48 

".    ridni, <*-9^5  to  0.065 

**      posae...... 0.855  to  0.865 

"      rosmarini, 0894(00.913 

"      sabinae, ojqoi  (00.933 

"      san(afi 0.965100.975 

"      sassafras, ix>65(oi.o75 

"      sinapis  vt>la(ile, 1.013(01030 

"      (erebinthinae, 0860(00870 

"  "        ^  rectifica(um,  0860(00.865 

"      (heobroma(is, 0.970  (o  0.076 

(hyjTii, 0.900(00.030 

"      tiglii O.Q35  to  0.950 

Paraflfinum from  0.800  to  0.905 

Paraldchvdum, 0.090 

Petrola(um.. 60°  C.  (140*  F.)  0.820  (o  0.850 

"  Unuidum abou(  0.870  to  o.04o 

Phenol  fiquefactum about  1 .065 

"«»I*°™ {at,o'C.(,o<>F.)!:S'o 

Resina, i  .070  to  1 .080 

Safrohim i  .105  to  1 .106 

Serum  an(idiph(hericum i  J035  (o  i  ^40 
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TABLE  OF  SPECIFIC  GKAyiTlES.—CofUinued. 


OliPAKED  WITH  WATEB  AT  25'  C.  (77*  F.)- 

US  Ktheris  nitrosi, about  0.693 

ammonuc, about  o.8otf 

aromaticus, about  o^goo 

( at  is.6^  C.  (60'  F.) 
frumcnti,  . .  <          noC  more  than  o^m5 
(.           nor  Jess  than  0.934 
glyccrylis  nitratis, 0.814  to  o.8ao 

vani  gaUia, .  -l  not  more  than  0.941 

C  not  leas  than  0.925 

ws, about  1.313 

addi  hydriodid, about  1. 190 

.      f*^*^*'Ui*J' '-'^s 

Icm  lodidi, 1.349 


COMPAKED  WITH  WaTES  AT  25'  C.  (77°  F). 

Takum, a.2  to  2  J 

Terebenum, about  0^50 

Thymol.. ..j    .       «      a-i   uJ?  * 'f^** '^^ 
(when  nqueneJ,  h^cr  than  water 

Tinctura  ierri  chloridi, about  1.005 

(at  i5.6»C.(6o«»F.) 

Vinum  album, ..  <  not  leas  than o.qqo 

I  not  more  than  1.010 

fat  IS.60  C.  (60°  F.). 

rubnun,..  <  not  less  than  0.980 

t  not  more  than  1.010 

Zincum \,^^}^-^ 

t  (rolled)  7-2 


IE   SHOWING   THE    SOLUBtLITY   OF    SOME    ChEIHCALS   IN    GlYCESOL.      OnE 

UNDRED  Parts  of   Glycerol  Dissolve  the  Annexed  Quantities  of 
IE  Substances. — (Klever,) 


Parts. 

nous  Oxide, 20.00 

nic  Oxide, 20.00 

,  Benzoic, 10.00 

Oxalic, 15.00 

Tannic, 50.00 

n, 40.00 

nonium  Carbonate, 20.00 

**  Chloride, 20.00 

mony    and    Potassium    Tar- 

ite, 550 

pine, 300 

*         Sulphate, 33.00 

um  Chloride, 10.00 

:ine, 2.25 

•honine, 0.50 

"  Sulphate, 6.70 

per  Acetate 10.00 

"     Sulphate, 30.00 

and  Potassium  Tartrate, 8.00 

Lactate, 16.00 

Sulphate, 25.00 

curie  Chloride, 7.50 

ne, 1.90 

phine, 0.45 

**         Acetate, 20.00 


Parts. 

Morphine  Hydrochlorate, 20.00 

Phosphorus, 0.20 

Plumbic  Acetate, 20.00 

Potassium  Arsenate, 50.00 

Chlorate, '3.50 

"         Bromide, 25.00 

"         Cyam'de, 32.00 

"         Iodide, 40.00 

Quinine, 0.50 

"       Tannate, 0.25 

Sodium  Arsenate, 50.00 

"      Bicarbonate, 8.00 

"      Borate, 60.00 

"      Carbonate, 98.00 

"      Chlorate, 20.00 

Sulphur, i . .  o.io 

Strychnine, 0.25 

"         Nitrate, 4-00 

*'         Sulphate 22.50 

Urea, 50.00 

Veratrine, i  .00 

Zinc  Chloride, 50.00 

"    Iodide, 40.00 

"    Sulphate, 35 .00 


mt 


SOLUBILITY  OF  THE  MOST  niPORT-%3nr  CHEMICALS  VSSEB  flX 
MEDICINE,  IX  WATER  AXD  ALO>eOiL. 


Erplanation  of  Signs. — i.  » 
ble;  V.  s.  =«  very  soluble;  aim.  — 


alBost;  ^br. 


:  <£bc{Giinpi»sfd. 


3guariii|^!)y  {aflm- 


Ais^r.    ^^^- 


«as*e 


(Cos.  jr.  ffZii. 


AiUruBsiL. 


le  part  i 

Acetanilid, 

Acid,  Arsenous, 

"     Benzoic, 

"    Boric, 

•*     CarboUc, 

•*     Chromic, 

-  Citric, 

-  Gallic, 

•*    Salicylic, 

"    Tannic, 

"    Tartaric, 

Agathin, 

Alphol, 

Ahim, 

"     Dry  (Exsiccatum), 

Ahiminum  Hydroxide, 

"         Sulphate, 

Ahunnol, 

Ammonium  Benzoate, 

"  Bromide, 

"  Carbonate, 

Chloride, 

Iodide, 

Nitrate, 

**  Phosphate, 

•*  Salicylate, 

"  Sulphate, 

Valerate, 

Amykne  Hydrate, 

AmUgen, 

Anthrarobin, 

Antimony  and  Potassium  Tartrate, . . 

Oxide, 

Sulphide, 

Antip3rrin, 

"         Benzoate, 

Antispasmin, 

Apomorphine  Hydrochloride, 

Apyonin, 


Puts. 

3o-«o 
2S1 

25 

20 

T.  5^ 

0-7S 

lOO 

450 

ins. 
iiB. 
10-5 
20 
ins. 
1.2 
s. 
10.5 

1-5 

4 
3 


4 
0.9 

1-3 
V.  s. 
ins. 
ins. 
ins. 

17 

aim.  ins. 

ins. 

I 

s.  s. 

s. 

6.8 
s.  s. 


2->* 

jS-2 
22S 

4-5 

IJOI 

651 


45-4 

22^ 

3«o' 

91.2 
304 
114 

456 

912 

114 
50.6 

350-7 


26.8 
456 

67* 


so 

3 
"5 

doc 
I 

4-5 
25 
cu6 

s. 


ins. 

aim.  ins. 

sp. 

28 

150 

dec.       i 

1-37  I 

9        I 
20        I 

0-5 

2-3 
sp. 
V.  s. 

5 
sp. 

.  5 
ins. 
ins. 
ins. 
I 
sol. 
ins. 
50 
sol. 


37-4 
24^ 


374 
*3-i 
149-6 

149-6 


^33 
2.4 

273 
41.5 
18.7 

748 
198-3 


91.2 

374 
7-4 


MEDICAL   CHEMISTRY. 

LJBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS   USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— C<wi/mtt«i. 


Name  op  Chkhical. 


Dne  part  is  soluble  in — 

3l, 

lie  Iodide, 

rol, 

>ine, 

•        Sulphate, 

anilid, 

Dnaphthol 

Dphenoneid, 

osol, 

laphthol, 

uth  Citrate, 

and  Ammonium  Citrate, 

Subcarbonate, 

Subgallate, 

Subsalicylate, 

Subnitrate, 

lacetanilid, 

lamid, 

line, 

loform, 

lol, 

inc, 

Citrated, 

inc-chloral, 

ine-tri-iodide, 

um  Bromide, 

Carbonate, 

Chloride, 

Hypophosphite, 

Phosphate  (precipitated), 

jhor.  Monobromated, 

im  Oxalate, 

3lin, 

'         Salicylate, 

'         Tartrate, 

^1, 

-alamid, 

•al-ammonium, , 

•alose, , 

•al  Urethan , 

•oform, 


Watkb. 


At  50*  F.. 
oc  is"  C. 


Parts, 
ins. 

3-5 

1-5 
450 

0.4 
ins. 
ins. 
100 
ins. 
950 
ins. 
ins. 
V.  s. 
ins. 
ins. 
ins. 
ins. 
ins. 
ins. 

33 

300 

prac.  ins. 

45 

25 

s. 

ins. 
0.7 
ins. 

1-5 
6.8 

ins. 
aim.  ins. 

ins. 

ins. 

80 

80 
V.  s. 

10 

170 
ins. 
200 


At  59;  F.. 

or  IS*  C. 

Grs.  pr.  f Sj. 


130. 

304 

I. 

1 140 


i3-i 
i.« 

10. 
14 


651.4 

304 
67 


57 
5-7 

45-6 

'  V.68 

2.28 


Aloobol. 


At  59''  F., 
or  IS*'  C 


Parts, 
s.  s. 
10 

3 
iw^6 

3.7 
60 
sol. 

sol. 

0.6 

diffic.  sol. 

ins. 

sp. 

ins. 

ins. 

ins. 

ins. 
diffic.  sol. 

s.  s. 

dec. 

V.  s. 

V.  s. 

35 


s. 

I 
ins. 

8 
ins. 
ins. 
V.  s. 
ins. 

5 
sol. 

150 
V.  s. 

2-3 

s. 
s. 
s. 


At  59°  F., 

or  15°  C. 

Grs.  pr.  £5j. 


37-4 
152 
3" 

I2I.6 

6.2 


76. 


10.6 

374 
46.7 

74.8 
'3.8 

187* 
(124.6) 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED   IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— C«ilHiM«/. 


Name  op  Chemical. 


Wates. 


AUXMBOL. 


A»  r«»  F        At  so"  F, 
<*^y^   'Grs-pr.fSi. 


At  c«P  F        At  «^  F, 
***^^  ;Gi».p^.fSj. 


One  part  is  soluble  in — 

Cinchonidine  Sulphate, 

Cinchonine, 

"  Sulphate, 

Cocaine, 

"       Hydrochloride, 

Codeine, 

"        Phosphate, 

"       Sulphate, 

Chalk  (Creto), 

Cc^per  Acetate,- 

"      Sulphate, 

Cieolin, 

Creosote, 

"        Carbonate, 

Cresalols, 

Cresol,  Ortho, 

"      Meta, 

"      Para, 

Cresol  Iodide, 

Cresotic  Acids, 

Dermatol, 

Diaphterin, 

Diaphtol, 

Di-iodoform, 

Di-iodo  ^-naphthol, 

Dithiosalicylic  Add  I, 

"    U, 

Dhuetin, 

Dttldn, 

Elateiium, 

Ethyl-bromide, 

Ethylene  Broinide, 

Euphorin, 

Enrophen, 

Eialgin, 

Ferric  Chloride, 

"      Citrate, 

"  and  Ammon.  Citrate, . . . 
"  Sulphate,. 
"       Tartrate,. 

"        "  Potass. Tartrate,... 

••        "  Quinine  Citrate,... 


Parts. 

100 

aJm.  ins. 

70 
600 

OA 
So 
2.2 

30 
ms. 

2.6 

ins. 
ins. 
ins. 

37 
200 

50 
ins. 
s.  s. 
ins. 
s. 
sp. 
ins. 
ins. 
ins. 
ins. 
V.  s 

800 
ins. 
ins. 
ins. 
ins. 
ins. 
s.  s. 
V.  s. 

s. 
V.  s. 

3 
1        V.  s. 
V.  s. 
s. 


4-5 

"6.5 
0.76 
1 140 

5-7 
20.7 

3«>-4 
1753 


"•3 
2.28 
9.1 


0-57 


152 


Parts. 

7' 

5-^ 

no 

3-4 

6 

62.3 

5 

91 

2.6 

»75- 

V.  s. 

261 

1.7 

103s 

0.4 

ins. 

... 

^S5 

2.7 

ins. 

... 

s. 

... 

T.  S. 

... 

S. 

... 

s. 

... 

s. 

... 

s. 



s. 

s. 

... 

s. 

ins. 

... 

s. 

s. 

sp. 

S.S. 

... 

ins. 

T.  s. 

... 

... 

... 

25 

18.24 

125 

2.9 

s. 

s. 

s. 

s. 

s. 

... 

V.  s. 

•  •  • 

ins. 

• . . 

ins. 

•  •  • 

ins. 

•  •  • 

ins. 

... 

Ins. 

•  •  • 

ins. 

... 

MEDICAL  CHEMISTRY. 

UBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS   USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOU—Coniinued. 


Name  op  Chemical. 


One  part  is  soluble  in — 
c  and  Strychnine  Citrate,. . . 

Hy(x>phosphite, 

Lactate, 

Oxalate, 

Hydrate, 

Phosphate, 

Pyrophosphate, 

Sulphate, •. 

Valerate, 

rescein, 

lanilid, 

laldehyde, 

icctophcnone, 

inol, 

)bromol, 

acol, 

'*        Carbonate, 

'*        Cr}'stalline, 

'*        Salicylate, 

imcthylcnamin, 

atropine  Hydrobromide, . . . 

•acetin, 

asline, 

xjnaphthol, 

•oquinon, 

•oxylaminc   Hydrochloride,. 

cine  Hydrobromide, 

^•yamine  Sulphate, 

lal, 


Watek. 


Alcohol. 


At  59   F., 
or  15*  C. 


or  IS**  C. 
I  Grs.  pr.  fSj. 


lonc, 

lyol, 

mtipyrin,. 

le, 

form, 

I...... 

phenin,... 
in......... 

9phenin,  . 


>Iin, 

)  (Calx), 

um  Bcnzoate,. 


Parts. 
V.  s. 
sp.  • 
40 
sp. 
ins. 
V.  s. 
V.  s. 
1.8 
ins. 

s. 

s. 

V.  s. 

500 

aim.  ins. 

12 

85 
ins. 

50 
ins. 

i-S 
5.7 

aim.  ins. 
s.  s. 
s.  s. 

I 

i-S 
V.  s. 

ins. 
V.  s. 
s.  s. 
sp. 
ins. 
ins. 

'V 

s. 

ins. 

750 

4 


11.4 


253-3 


0.9 

38 
5-3 

9.1 

304 
80 
9.1 


456 
304 

91.2-76 
(76) 


76 


0.6 
114 


At  so''  F., 
or  is»C. 


At  50°  F, 

or  15°  C. 

Grs.  pr.  fSj. 


Parts, 
ins. 
ins. 
aim.  ins. 
ins. 
ins. 
ins. 
ins. 
ins. 
V.  s. 

s. 
V.  s. 

s. 

s. 

s. 

s. 
sp. 

s. 
sp. 

10 

3^5 
s. 

135 

s. 


IS 

:6 

V.  s. 


s. 

s.  s. 
s.  s. 

II 

80 

3 

s. 

20 

s. 

80  at 

(78°  C.) 
ins. 
12 


45.6 
14 

33.8 


2^.6 
28.5 


34 

4.65 
124.6 

13- 


4.7 
3T-I 


APPEXMX. 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  ASV  ALCOHOL.— OittteMitf. 


Name  or  Chzkicai. 


Wajia. 


AxcQBcn. 


One  part  is  soluble  in —                 i  Paris. 

lithium  Bromide, '  v.s. 

**       Carbonate, ijo 

*•       Citrate, 5-5 

•*       Salicylate, r.  s. 

Loietin, 500 

LoBOphan, sp. 

Ljfoctoly.  ..........................  s> 

Lpoi, T.  ft. 

Magnesium  Oxide, alm.ias. 

"          Carbonate, alnuinft. 

"          Sulphate, 0-8 

ium  Sulphite, 20 

aim.  ins- 

lianganesium  Dioxide  (  Black  Oxide), .  ins. 

•*           Sulphate, |  0.7 

Mercuric  Chloride, '  16 

Mercurous  Chloride, ins. 

Mercuric  Cyanide, 12J& 

"        Iodide  (Red), aim.  ins- 

Mercurous  Iodide  (Green), aim.  ins. 

Mercuric  Oxide, ins. 

**        Subsulphate, ins. 

**       Sulphide  (Red), ins. 

MeicuzySozoiodol, 500 

Metakfehjrde, ins. 

Mediacetin, 530 

Medijlal, 3 

Methyl  Chloride, 4  vol. 

Metl^lene  (Blue) s.  s. 

•*         Chloride, '  s.  s. 

Ificroddin, 3 

Mboobromphenol, sp. 

Mooochkiipbenol, sp. 

Moiphiney v.  sp. 

•*         Acetate, !  12 

••         Hydrochloride, |  24 

•*        Sulphate, I  24 

Naphthalene, 1  1000 

Naphtol, '  1000 

Neorodin, s.  s. 

Oleocieosote, ins. 

Oreim  Hjrdrochloride, 1  v.  s. 


Pa3t& 

... 

T.  s. 

... 

J-5 

ms. 

... 

£2^ 

1       sp. 

... 

... 

T.  S. 

... 

0^ 

ft. 

... 

... 

& 

... 

»»  » 

•  .. 

... 

... 

T.  ft. 

... 

... 

ms. 

... 

..  - 

ins. 

>.  . 

57^ 

ins. 

>  .  . 

22-8 

ins. 

... 

... 

diffic.srj. 

>.  . 

... 

ins. 

. .  • 

651^ 

ms. 

•  .  . 

z8.5 

.  3              « 

24 

... 

ins. 

•  .  . 

35-6 

»5 

24^ 

... 

130 

2J5 

... 

ins. 

• .  • 

... 

ins. 

. .  • 

... 

ins. 

►  .  • 

... 

ins. 

.  , 

0/) 

•  •  • 

... 

... 

s. 

»  .  • 

oA 

s. 

,  , 

152 

s. 

.  , 

35  vol. 

.. 

... 

s. 

•  • 

... 

s. 

.  , 

152 

... 

.. 

... 

s.          j        , 

•  • 

8.            ' 

100 

^1 

3« 

68 

5.5 

19        1 

63 

5-9 

19 

702 

o-S 

0.4 

s. 

•  • 

0.4 

s. 

.. 

... 

s.  s. 

•*• 

V.  s. 

•• 

MEDICAL  CHEiaSTRY. 


.UBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— C<m/f«ii«/. 


Name  op  Crcmical. 


Water. 

At  59;  F.. 
oris*C. 

AtSQ-F.. 

oris»C. 

Grs.  pr.  fS  j. 

Parts. 

ins. 

... 

s. 

... 

10 

4S-6 

ins. 

... 

925 

0.49 

.35 

130.2 

ins. 

... 

16 

a8.5 

s. 

20 

22.8 

ins. 

•  .  . 

130 

3.5 

150 

30.4 

0.3 

1520 

V.  s. 

... 

aim.  ins. 

... 

1.8 

253-3 

ins. 

2000 

0.2 

2 

228 

ins. 

... 

0-5 

912 

0.4 

1 140 

3-2 

142.5 

10 

45-6 

210 

2.1 

1.6 

285 

I 

456 

16.5 

27.6 

0.6 

760 

2 

228 

2.5 

182.4 

4 

114 

0.6 

760 

0.8 

570 

4 

114 

20 

22.8 

50 

9.12 

9 

50.6 

4 

114 

0.7 

651.4 

50 

9 

Alcohol. 


At  rrt«  F         At  59°  F., 
or  !?«  C"       °^  '5-  C. 


One  part  is  soluble  in — 

ynaphtoic  Acid, 

formaldeh3rde, 

Idehyde, 

al, 

lacetin, 

locoU  Acetate, 

"         Carbonate, 

Hydrochloride, 

"        Salicylate, 

lol, 

phorus, 

ostigmine  Salicylate, 

>toxine, 

arpine  Hydrochloride, 

razin, 

rine, 

ibic  Acetate, 

'       Carbonate, 

'       Iodide, 

'       Nitrate, 

'       Oxide, 

ssium  Hydroxide, 

"         Acetate, 

"         Bicarbonate, 

"         Bichromate, 

"         Bitartrate, 

"         Bromide, 

"         Carbonate, 

"         Chlorate, 

"         Citrate, 

"         Cyanide, 

"         and  Sodium  Tartrate, 

"         Ferrocyanide, 

'*  Hypophosphite, 

Iodide, 

'*         Nitrate 

"         Permanganate, 

"         Sozoiodol, 

"         Sulphate, 

"         Sulphite, 

"         Tartrate, 

itanin  Blue  (Methyl -violet),. 


Parts. 

10 

s. 

s. 
V.  s. 

12 


V.  S. 

V.  sp. 

12 
10 
2.3 

30 

8 

ins. 

V.  sp. 

aim.  ins. 

ins. 

2 

2.5 

aim.  ins. 

ins. 

V.  sp. 

200 

ins. 

V.  sp. 

V.  sp. 

sp. 

aim.  ins. 

ins. 

7-3 
18 
aim.  ins. 
dec. 

ins. 

sp. 

aim.  ms. 


37-4 


38 


3I-I 
37-4 
198 

12.4 
46.7 


187 
149.6 


1.8 


51 
20.7 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED 
MEDICINE,  IN  WATER  AND  ALCOHOL.— C«iUm«a/. 


IN 


Namb  ov  CtiTinrAf,.. 


Af  «•  F  At  59*  F, 

*'5"C.     Grs-prfSj. 


Alcobol. 


Af  cflP  F         At  so'  F, 


One  part  b  soluble 

Fyridin, 

Pjrrocatechin, 

Quinidinr  Sulphate, 

Quuine, 

**       Bisulphate, 

•■       Hydrobromidey 

-  Hydrochloride,. 

••        Saliqrlate, 

•*       SuliAate, 

-  Valcnuc, 

Scsopyrin, 

Kcsofciiiol, 

Sftocharin, 

Silacetol, 

Salicylamid, 

Salii^rrin, 

Sdocoll, 

SaIoI, 

Silophen, 

Saliaii, 

SftntOioiD....... ........ 

Slier  Cyanide, 

"     Iodide, 

-     Nitrate, 

**     Nitrate  (fused),... 

•*     Onde, 

Sodinm  Hydroxide, 

••       Acetate, 

•*       Arsenate, 

**       Benzoate, 

"       Bicarbonate, 

*•       Bisulphite, 

^       Borate  (Borax),. 

**      Bromide, 

**       Carbonate, 

"       (^ilorate, 

**       Chloride, 

**       Hypophosphite, 

'•       Idcfide, 

"       Nitrate 

•'       Phosphate, 

"       Pyrophosphate,. 


Parts. 

■ 

Parts. 

... 

... 

I 

374 

s. 

... 

s. 

... 

100 

4-5 

8 

46.7 

1600 

0.2 

6 

62.3 

10 

45-6 

3* 

11.6 

40 

11.4 

0.61 

680 

18 

253 

0.6 

760 

77 

5-9 

no 

39 

740 

0.6 

6S 

H 

100 

4-5 

5 

74.8 

ins. 



5 

75 

2 

228 

s. 

400 

1. 14 

30 

124.6 

ins. 

... 

15 

30^ 

250 

1.82 

s- 

s.  s. 

... 

s. 

... 

200 

2.28 

s. 

... 

ins. 

... 

10 

37.4 

ins. 

... 

v.s. 

... 

28 

16.2 

30 

I2ut 

aim.  ins. 



40 

9-3 

ms. 

... 

ins. 

... 

ms. 

... 

ms. 

... 

0.8 

570 

26 

17-5 

0.6 

760 

25 

18.24 

V.  sp. 

... 

ins. 

... 

1-7 

268.2 

V.  s. 

... 

I 

456 

30 

12.4 

4 

114 

sp. 

... 

1.8 

253-3 

45 

8-3 

12 

38 

ms. 

... 

4 

114 

72 

5-2 

16 

28.5 

ins. 

1.7 

268 

13 

28.7 

1.6 

285 

ins. 

I.I 

414.5 

40 

9-3 

2.8 

162.8 

aim.  ins. 

I 

456 

30 

12.4 

0.6 

760 

1.8 

207 

1-3 

350-7 

sp. 

... 

6 

76 

ins. 

... 

12 

38 

ins. 

... 

IffEDICAI.  CHEMISTRY. 


.UBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS   USED  IN 
MEDICINE,  IN  WATER  AND  AhCOHOh.—CofUinued. 


Name  of  Chemical. 


Water. 


**    '5-    C.  Q^     ^     fj. 


Alcohol. 


At  59°  F.. 
or  150  C. 


At  59°  F.. 

or  15°  C. 

(Jrs.  pr.  fSj. 


One  part  is  soluble  in- 

lum  Salicylate, 

'       Santoninate, 

'       Sozoiodol, 

'       Sulphate, 

'       Sulphite, 

'       Sulphocarbolate, ., 
'       Thiosulphate,  . . . . 

il. 

Modol, 

rteine  Sulphate, 

ntium  Bromide, 

Iodide, 

"         Salicylate, 

chnine, 

Nitrate, 

"         Sulphate, 

ar,  Cane-, 

ar,  Milk-, 

)haminol, 

)honal, 

Dhosalicylic  Acid, 

)hur, , 

iphorol  L, , 

N, 

S 

pin  Hydrate, 

ronal , 

Jlin  Sulphate, 

"      Tartrate, 

rmodin, 

oform, 

ol, 

ophen, 

oresorcin, 

osinamin, 

uret, 

'macetin, 

'mol, 

jnal, 

than, 

pherin, 

atrine, 


Parts. 

3 
14 
2.8 

4 

5 

0.3s 

s. 

s. 

I.I 

I 

0.5 
18. 
6700 
42 

31 
0.5 

7 
10 

450 

s. 
ins. 

s. 

50 

s. 

200 

450 

7 

10 

s. 
ins. 

s. 
ins. 

s.  s. 

350 

s.  s. 

1200 

320 

I 

s. 

V.  sp. 


304 

325 
162.8 

114 
91.2 

1303 


414 
456 

912 

253 

0.06 
10.8 
14.7 

912 

65.1 

I.OI 


9.1 
2.3 

I.OI 

65.1 

45-6 


1-3 

0.38 
1.4 
456 


Parts. 

6 

12 

ins. 
sp. 

132 

ins. 

s.  s. 

s. 

s. 

s. 

s. 

66 
no 
120 

60 
175 

ins. 
s. 

65 
s. 

ins. 

aim.  ins. 

aim.  ins. 

aim.  ins. 

10 

s. 

100 

s.  s. 

ins. 
s. 

s.  s. 

s. 
ins. 

I 

8. 
0.6 


62.3 
311 


2.8 


6.1 

3-4 
2.8 
6.2 
2.1 


5-8 


45-6 
'V.8 


37-4 
623 
124.6 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS    USED   IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— Continued. 


Name  or  Cbxhical. 


Zinc  Acetate 

"    Bromide, 

"    Carbonate, 

"    Chloride 

"    Iodide, 

"    Oxide 

"  Phenolsulphonate, 

"    Phosphide, 

**    Sozoiodol, 

"    Stearate, 

"    Sulphate, 

"    Valerate, 


W'ate«. 


At  59°  F.. 
oc  15  *»€. 


1  AtSQ'F.. 
or  15°  C. 
Grs.  pr.  fSj. 


3 
V.  s. 
ins. 
V.  s. 
V.  s. 
ins. 

.  '7 
ins. 

20 

ins. 

0.6 

100 


152 


268.4 

22.8 

760 
4.5 


Alcohol. 


At  59"*  F.. 
or  is'  C. 


Atso'F.. 
I  or  15°  C. 
Grs.  pr.  fSj. 


30 
V.  s. 
ins. 
V.  s. 
V.  s. 
ins. 

.  '7 
ins. 

s. 

ins. 
ins. 
40 


268 


GLOSSARY 

OF  UNUSUAL  CHEMICAL  TERMS. 


ACTINISM.    The  chemical  effects  of  light. 

Areometer.    Hydrometer. 

JBrugo.    Verdigris.    Impure  subacetate  of  copper. 

JEthiops.     Black  sulphide  of  mercury.     Hg^S. 

Alabaster.     A  light-colored  compact  gypsum.     CaSO^. 

Alchemy.     The  Arabic  name  for  chemistry,  which  formerly  arose  out  of  search 

for  the  philosopher's  stone  and  the  elixir  of  life. 
Alembic.     A  form  of  still  or  retort,  used  in  sublimation. 
Alkanrin.     Oxide  of  cakodyl,  or  cacodylic  acid.    As(CH,),0^. 
Alloy.     A  mixture  or  compound  formed  by  fusing  two  or  more  metals  together. 
Amidoiu    SUrch. 

Amorphous.     Without  a  definite  crystalline  form. 
Anhydride^    An  oxide  which  can  combine  with  the  elements  of  water  to  produce 

an  add.     Hence,  an  acid  deprived  of  one  or  more  molecules  of  water. 
Anode.    The  +  pole  of  a  voltaic  circuit. 
Apple  Oil.    Valerate  of  amyl. 
Aqna  Fontana.    Tap  water. 
Aqua  Fortis.     Crude  nitric  acid. 
Aqua  Pha|;edfleiiica.    Yellow  wash.    Mercuric  hydrate. 
Aqua  Regia.     Nitromuriatic  acid. 
Aqua  VitA.     Brandy. 
Algols.     Crude  cream  of  tartar. 

Arrack.     A  spirituous  drink  made  from  the  juice  of  the  cocoanut  tree. 
Amipifmentum.     Orpiment.    Arsenous  sulphide. 
AusmL.    The  south  pole  of  a  magnet 
Azote.     (Fr.)     Nitrogen. 
Azotic  Acid.    Nitric  acid. 

B. 
BALDWIN'S  Phosphorus.     Fused  calcium  nitrate;   possibly  luminous  calcium 

sulphide. 
1^l«^tw  of  Sulphur.        A  solution  of  S.  in  olive  oil. 
Barilla.    The  ashes  of  sea-plants.    Salsola  Soda. 
Basyl.     A  term  applied  to  an  electropositive  radical. 
Battery.     An  apparatus  for  the  production  of  electricity  by  chemical  action. 
Bauxni.    The  name  of  the  inventor  of  a  hydrometer  bearing  this  name. 
Bell  MetaL    An  alloy  of  6  parts  copper  and  2  parts  tin. 
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Bestuchuf '8  Tincture.    An  ethereal  solution  of  FejCl^. 

Bibron's  Antidote.    A  solution  of  HgCl^,  KI,  bromine,  alcohol,  and  water. 

Bittern.  The  mother-liquor  remaining  after  extracting  NaCl  from  sea-water  by 
evaporation  and  crystallization. 

Black  Ash.     Impure  Na^CO^  mixed  with  carbon. 

Black  Drop.     Acetum  opii.     Vinegar  of  opium. 

Black  Flux.  Made  by  igniting  cream  of  tartar  with  one-half  its  weight  of  nitre, 
KNO,.     It  contains  carbon  and  K,CO,. 

Black  Lead.  Plumbago;  a  native  variety  of  carbon,  used  for  making  lead- 
pencils,  crucibles,  and  stove-polish. 

Black  Salts.     The  ley  of  wood  ashes  evaporated  nearly  to  dryness. 

Black  Wash.     Contains  suboxide  of  mercury,  Hg,0. 

Bleaching  Powder.  Chloride  of  lime.  A  mixture  of  chloride  and  hypochlorite  of 
calcium. 

Blende.     Native  sulphide  of  zinc.     ZnS. 

Blue  Mass.     Pilulae  hydrareyri. 

Blue  Ointment.     Unguentum  hydrargyri. 

Blue  Vitriol,  or  Bluestone.    Sulphate  of  copper. 

Bole.     An  argillaceous  earth. 

Bone-ash.  Impure  Ca^PO^,  from  burning  bones.  Bone-black.  (Charred 
bones.) 

Borax.     Biborate  of  sodium.    Tetraborate  of  sodium,  Na^B^O,. 

Boreal.    The  north  f>ole  of  a  magnetic  needle. 

Brass.     An  alloy  of  copper  and  zinc 

Brimstone.    Roll  sulphur. 

British  Barilla.     Black  ash. 

British  Gum.     Dextrin. 

Bronze.     An  alloy  of  copper  and  tin. 

Brunswick  Green.     Oxychloride  of  copper. 

Bunsen  Burner.  A  gas-burner  used  for  the  production  of  heat.  It  mixes  the  gas 
and  air  before  burning  them. 

Burnett's  Disinfecting  Fluid.    Solution  of  ZnCl,. 

Butter  of  Zinc,  Antimony,  or  Bismuth.    Their  chlorides. 

C. 

CALAMINE.     Impure,  native  silicate  of  zinc. 

Calcareous  Spar.     Calcite.     CaCO^ 

Calcedony.     A  native  form  of  SiO-. 

Calcined  Mercury.     Mercuric  oxide.     HgO. 

Calcining.  Igniting  a  substance  in  the  air,  so  as  to  burn  off  any  oxidizable  material 
or  to  expel  volatile  products. 

Calomel.     Mercurous  chloride.     Mild  chloride  of  mercury,  Hg,Cl,. 

Caloric.     Old  term  for  heat. 

Calorie.  The  unit  of  heat  used  in  determining  the  heat  of  combination  of  chemical 
compounds. 

Campnene.  Oil  of  turpentine.  Camphene  burning  fluid  is  a  solution  of  tur- 
pentine in  alcohol. 

Canton's  Phosphorus.     Luminous  CaS,  or  luminous  paint. 

Caput  Mortuum.     The  residue  left  after  ignition  of  FeSO^  or  iron  pyrites.    Impurt 

Fep^. 
Caramel.     Burnt  sugar. 
Carbolic  Acid.     Phonic  acid.     Phenol. 
Carburet.     Carbide. 
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Cat^ysis.    Tht  acdon  or  a  body  in  promoting  combination  or  decomposition  \^ 

its  pnrsenct,  ibe  body  il^lf  remaining  unchanged* 
CfttitOde.     The  negative  pole  of  a  galvanic  circuit. 
Chalk.     An  ann  jrphous  carbonate  of  Iime» 
Chameleon  Bfinerai.     Permanganate  of  patassium, 
Choke-4amp«     Carbonic  anhydritle.     CO^ 
Chrome  Green.     A  mijcture  of  chrome  yclbw  and  Prussian  blue;  or  sesquioidde  \ 

oi  chrortiium.     Cr^Oy 
Chrome  Vermilioa*    Dichromate  of  lead.     PbCrjOj. 
Chrome  Yellow*     Chromaie  of  lead.     PbCrO^. 
Cimiabar,     Native  ird  sulphide  of  me^ctlr>^     HgS- 
Citrine  OintiBent.     Nitrate  of  merctin^  ointment. 
Clay.     Impure  silicate  of  aluminum, 
CJay  Ironstone.    A  variety  of  hematite  iron  ore.     Fe,Oy 
Cot  CO  thai.     Ferric  oxide,     Fe^Oj.     Rouge;  crocus. 
Collodion.     Solution  of  gun-coiion  in  alcohol  and  ether. 
Colloids.     Jelly-like  or  non-crystalli^able  bodies. 
Colophony.     Common  resin,  or  resin. 
Common  Salt.     Sodium  chloride.     NaCL 

Condy's  Solution.      Contains  permanganate  of  potassium.     K^Mn^O^ 
Copperas.     Green  vitriol.     Crystanized  ferrous  sulphate.     FeSO^ .  7Aq. 
Corrosive    Sublimate,     Mercuric    chioridc.     Bichloride    of    mercury,     HgClj> 
Cream  of  Tartar.     Acid  potassium  tartrate.      HKC^H^CV 
Crocus  of  Antimony,  or  Crocus   Metallorum,    Oxysulphide  of  aniimonj. 
Crocus  Martis.     Cokothar.     FCjO,. 

Crystalloids.     Cn^stallizable  bodies,  as  distinguished  from  colloids. 
Crystals  of  Venus.     Copper  acetate.     Cu(C,HjOj),  *  H,0. 
Cubic  Hitre.     ScKiium  nitrate.    NaNOj, 
Cupe nation.     The  process  of  purifying  silver  or  gold  in  a  cupel  or  cup  made  of  1 

booe-a^h.     When  tlie  alloy  is  strongly  heated  in  the  air,  the  uther  metals  oxidize^. 

and  the  cupei  absorbs  the  o^dci  leaving  the  pure  silver  or  gold. 


DECAJfTATION,     The  process  of  pouring  off  the  clear  liquid  above  a  sediment. 

Decoction,     An  extract  of  an  organic  substance,  made  with  boiling  water. 

Decrepitation.     The  crackling  of  certain  salts  when  suddenly  heated. 

De&igfatlon^  A  rapid  and  scintillating  combustion-  It  takes  place  in  certain 
mixtures  containing  the  niliutcs  or  chlorates. 

Deliquescent.  An  adjective  applied  to  those  substatices  which  attract  moisture 
from  the  air  and  lif^iiefy* 

Destructive  Distillation,  Dry  distillation,  conducted  with  the  object  of  destroy- 
ing the  substance  and  producing  new  ones- 

Detonation.  Rapid  chemical  action,  accompanied  by  flame  and  noise*  -4n 
cxifliKJon. 

De  VaJai^in's  Arsenical  Solution.  A  solution  of  the  chloride.  AsCI^  Lif . 
Arsen.  Hydrochlor, 

Dew-point*     The  temperature  at  which  the  moisture  of  the  air  begins  to  deposit. 

Dialysis*  The  process  of  the  diffusion  of  Hquids  and  solutions  through  mem- 
branes* 

Dimorphous.     Cn-stallizing  in  two  distinct  systems. 

Displace ment,     Espelling  a  Uuid  from  a  vr^ssel  by  another  of  different  density. 

Dolomite.     Magnesium  limestone, 

Donovan's  Solntion*    Contains  the  iodides  of  arsenic  and  mcrcuij. 
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Dover's  Powder.     Compound  ipecac  powdrrj   coniains  o|utinn  ^i  gr. 

Drummond  Lights     Caldum  Ughi* 

Dry  DiatiUaiio0.    The  process  of  subjecting  solid  or  organic  hotUt^  to  h&U,  in  4 

Ductile.    Cajiabic  f*f  being  drawn  inio  win?  or  rolled  out  inio  sheets, 
Dutch  Gold,      rV  s|>eries  of  brasSj  usually  siild  i&  Very  thin  leaver  qt  ^h^ct^, 
Dutch  Liauid,     Eihcne  dkhbridc.    C^iliCli. 
Dutch  White.     Impure  white  lc4d, 

EAU  DE  JAVELLE.    A  solutioa  of  chlorinated  potass  or  potass,  hypochlorite 

KOCl 
Educt&i     The  proxjmiite  principles  of  which  bodies  were  fonucrly  supposed  to  be 

formed. 
EffeiT^cscence,    The  rapid  escape  of  g^  from  a  liquid. 
Efflorescence.     The  escape  of  the  water  of  crys tallica tioti  and  the  consequent 

t  rumbling  down  of  n  crystaL 
Electrode*     The  pole  or  wire  forrnmg  a  part  of  a  volatile  cirruit. 
Electrolysis*     Decomfxisitioii  by  means  of  a  strong  electric  current. 
Element*     A  subsi.'vnce  which  has  never  been  decomposed. 
ElLiir  of  Vitriol,     Aromatic  suljihuric  acid. 
Elutriation^     The  pnx'&ss  of  separating  the  finer  and  lighter  particles  of  a  powder 

ivom    the   coar^r,  by  sijs[>endmg  ihero  in  water  ami  pouring  ofT  the  lighter 

floating  particles  with  the  water, 
Ettiermldf  Green.     Schweinfurth  green,  or  aceto^rsenite  of  copper.     See  Paris 

Emery.     An  impure  corundum,     Al^O^ 

Eostn^    Tctrabromfluorcsceine,     A  beautiful,  red,  arii^al  coloring  matter. 

Epsom  Salt.     MgSO^ .  yAq. 

Eremacatisis.     The  slow  decay  of  organic  substances  in  the  air. 

Esience  o  f  Mirbane .     Ni  trobcnzene. 

Essential  Oils.     Volatile  oils. 

Eudiameter.     A  graduated  g]iu$  tube,  closed  at  one  end,  used  for  measuring  g 

F. 

FERMEHTATIOll.  A  chemical  change  produced  by  micro-organisms,  or  solu- 
ble ferments. 

Filter,  A  f»orous  substance  used  to  separate  a  si>lid  and  a.  liquid  by  allowing  the 
latter  to  pass  through,  while  the  former  Is  retained. 

Fire-damp,     Light  carburetted  hydrogen  (matsh-gas)  mined  with  air. 

Fixed  Air*     Choke-damp.     CO^/ 

Flint.     An  compact  impure  variety  of  silica*     SiOj. 

Flowers  of  Antimony,     Oxide  of  iintimony. 

Flowers  of  Benzoin.     Benzoic  add. 

Flowers  of  Sulphur.     Sulphur  sublimatum,     U.  S,  P* 

Flowers  of  Zinc*     Oxide  of  zinc.     ZnO. 

Fluorescence.  The  propurty  possessed  by  certain  bodies,  as  quinine  salts,  of 
rendering  visible  the  ultra-violet  or  chemical  rays  of  the  solar  spectrum* 

Fluor*spar.     Native  calcium  fluoride.     CaF,. 

Flu^*     A  material  added  to  ores  in  smelting,  to  form  an  easily  fusible  slag. 

Foliated  Earth  of  Tartar*     KCjHp,.    Potassium  acetate- 

Foors  Gold.     Iron  pyrites. 

Fowler  ^s  Solution.     Solution  of  the  arsenite  of  potassium* 

French  ChaUi*    Silicate  of  magnesia*    Soapstonc;  talc* 
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Fructose.    Fruit-sugar.    Lcvulosc. 

Fuchsiiie.     Aniline  red.     Magenta.     C„H,^',. 

Fumiiig  Liquor  of  Libaritis.     Solution  of  stannic  chloride. 

Fusel  OiL     Amylic  akohoL 

Fusible  Calculus.    One  composed  of  a  mixture  of  phosphate  of  lime  and  ammonio- 

magnesium  phosphate. 
Fusible  MetaL     Bismuth,  2  parts;  lead,  i  part;  and  tin,  i  part.     Melts  at  about 

200°  F. 

6. 
GALENA.     Native  lead  sulphide. 

Galvano-cautery.    A  surgical  knife  heated  by  galvanic  current. 
German  Silver.    An  alloy  of  copper,  nickel,  and  zinc. 
Glass.     An  artificial  silicate  of  calcium,  sodium,  iron,  lead,  etc. 
Glass  of  Antimony.     Fused  trisulphide  of  antimony.    SbjS,. 
Glass  of  Borax.     Fused  borax. 
Glauber's  Salt.    Sodium  sulphate. 

Glucose.     Grape-sugar.    Now  made  on  large  scale  from  cornstarch. 
Glucoside.     A  compound  of  glucose  with  an  organic  radical. 
Glyceroles  and  Glycerita.    Simple  glycerol  solutions. 
Goniometer.     An  instrument  for  measuring  the  angles  of  crystals. 
Goulard's  Extract,  and  Cerate.    Conuin  subacetatc  of  lead. 
Graphine.    Carbon  deposited  in  gas-retorts. 
Graphite.    Plumbago.    Black  lead. 
Green  Vitriol.    Copperas.    FeSO^ .  yAq. 
-Guano.     A  deposit  of  excrement  of  sea-fowl. 
Gjrpsum.     Calcium  sulphate.    Plaster-of-Paris. 

H. 
HALOGEN  Elements.    Haloid  Salt.    The  elements  of  the  chlorine  group  and 

their  binary  compounds. 
Harle's  Solution.    Solution  of  arsenite  of  sodium. 
Hartshorn.    Ammonia. 
Haschisch.    Indian  hemp. 

Hepar  Sulphuris.     Liver  of  sulphur.     Potassium  sulphide. 
Hive  Syrup.     Compound  syrup  of  squills. 
Hoffmann's   Anodyne.     Spirit  iEther.  Co.     Ether,    i    pint;    alcohol,  i  pint; 

ethereal  oil,  fovj. 
Homberg's  Pyrophyrus.     Made  by  igniting  potassium,  alum,  and  charcoal. 
Homologous  Series.    See  page  296. 
Homologues.    See  page  296. 

Huxham's  Tincture.    Compound  tincture  of  cinchona. 
Hydracid.     A  binary  acid.     Contains  no  oxygen. 

Hydrate.     A  compound  containing  hydroxyl,  HO,  combined  to  a  positive  radical. 
Hydrochloride.     A  compound  of  HCl,  formed  by  the  union  of  the  whole  molecule 

by  synthesis;  as  compounds  with  the  alkaloids. 
Hydroxide.    Same  as  a  hydrate. 
Hygrometer.     An  instrument  for  the  determination  of  the  relative  amount  of 

moisture  in  the  air. 

I. 

ICE  Vinegar.    Glacial  acetic  acid. 
Iceland  ^par.    Transparent  native  caldte. 
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andescence.    The  glow  of  a  highly  heated  body. 

ineration.     The  reduction  of  a  substance  to  ashes  by  burning. 

ompatible.     Incapable  of  being  mixed  without  chemical  change. 

asion.     An  extract  of  an  organic  substance,  made  by  pouring  hot  water  upon  it 

nd  allowing  it  to  stand  for  some  hours. 

site.     Muscle-sugar. 

.     A  body  going  to  the  positive  (anode)  or  negative  (cathode)  pole  of  a  galvanic 

ittcry  during  electrolysis. 

1  Pyrites.     Native  sulphide  of  iron.     Fool's  gold. 

iglass.     A  variety  of  gelatin,  or  fish-glue.     Sometimes  erroneously  applied  to 

Ilea. 

ry  Black.     Animal  charcoal,  made  by  distilling  ivory  scraps;  is  now  generally 

pplied  to  bone-black. 

J. 
IfES'S  Powder.    Antimonial  powder. 

an  Black.     A  varnish  composed  of  asphaltum,  turpentine,  linseed  oil,  and 
mber. 
iiits*  Powder.    Powdered  cinchona-bark. 

K. 

OLIN .    A  pure  white  clay. 

p.     Ashes  of  seaweeds;  used  as  a  source  of  iodine  and  carbonate  of  sodium. 

mes  Mineral.    Sb^O,. 

i;»8  Yellow.    Orpiment.    AsjS,. 

in's  Disinfectant.    Solution  of  HgCI^ 

L. 
SARRAQUE'S  Disinfecting  Liqtiid.    Solution  of  hypochlorite  of  sodium  or 
ilorinated  soda. 

:  Sulphuris.     Precipitated  sulphur. 
quer.     A  varnish  used  for  brass,  etc. 
tin— Lactose.     Sugar  of  milk. 
ly  Webster  Pill.     Pill  of  aloes. 

:e.     An  organic  coloring  matter  precipitated  with  aluminum  hydroxide.    Used 
J  pigments. 

apblack.     The  soot  of  burning  turpentine. 
la  Philosophlca.     Oxide  of  *zinc. 
is  Infemaiis.     Lunar  caustic.    AgNO,. 
ighing  Gas.     Nitrous  oxide.     N,0.     Dentists'  gas. 
d-water.     Diluted  Goulard's  Extract,  containing  subacetate  of  lead, 
oyen's  Disinfecting  Liquid.     Solution  of  nitrate  of  lead, 
igation.     The  reduction  of  a  substance  to  an  imp>alpable  powder  by  rubbing 
1  a  slab  with  a  flat  pestle,  called  a  muller,  with  sufficient  water  to  form  a  paste, 
le.     CaO. 

lestone.     A  native  carbonate  of  lime. 
large.     PbO.     Semi  vitrified  oxide  of  lead. 
dc  Acid.     Uric  acid, 
sr  of  Sulphur.     Potass,  sulphuret.     K^S. 

viation.     The  separation  of  the  soluble  portions  of  a  substance  by  causing 
ater  to  filter  through  it. 
dstone.     The  native  magnetic  oxide  of  iron,  or  magnetite.     A  magnet. 
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Lugol's  Solution.     Compound  solution  of  iodine.     Iodine  held  in  solution  by 

KI. 
Lunar  Caustic.    Nitrate  of  silver.    AgNO,. 
Lute.     An  adhesive  mixture  for  closing  the  joints  of  apparatus,  to  prevent  the 

escape  of  vapors,  etc. 

M. 
MACERATION.    The  long-continued  soaking  of  a  substance  in  water  at  common 

temperatures. 
Macquer's  Salt.    Potassium  arsenate. 
Magendie's  Solution.    Morph.  sulphate,  gr.  xvj;  water,  f  5j. 
Magistery  of  Bismuth.    Subnitrate. 
Magma.     A  pasty  mass. 
Magnesia  Aloa.    Magnesium  carbonate. 
MaUeable.     Capable  of  being  worked  under  the  hammer. 
Marble.     Nearly  pure  native  carbonate  of  lime. 
Marine  Acid.     Muriatic  acid.    Hydrochloric  acid.    HCl. 
Martial  ^thiops.     Fefi^.    Magnetic  oxide  of  iron. 
Massicot.     Amorphous  oxide  of  lead.     PbO.     Powdered  litharge. 
Matrass.     A  glass  vessel  with  a  \pAg  neck,  or  a  tube  scaled  at  one  end.     Used  for 

heating  dry  substances. 
Menstruum.     A  solvent,  or  medium  of  chemical  reaction. 
Mercaptan.     An  alcohol  in  which  O  is  replaced  by  sulphur. 
Metalloid.    Non-metal. 
Metameric  Bodies.    The  same  as  isomeric. 
Microcosmic  Salt.    NaNH^HPO^. 
Milk  of  Lime.     Whitewash. 
Milk  of  Sulphur.     Precipiutcd  sulphur. 
Mineral  Water.     Water  charged  with  carbonic  acid;  also  natural  water  holding 

medicinal  substances  in  solution. 
Mineral  Yellow.     Oxychloride  of  lead. 
Minium.     Red  oxide  of  lead.    2PbO  .  PbO,. 
Molecule.     A  collection  of  atoms  held  together  by  Chemism. 
Monsel  's  Salt.     Subsulphate  of  iron. 
Mordant.     A  substance  used  to  fix  colors  on  fabrics. 
Mosaic  Gold.     Brass. 

Mountain  Blue.     Azurite.     Native  basic  carbonate  of  copper. 
Mountain  Green.     Malachite.     A  native  basic  carbonate  of  copper. 
Mulberry  Calculus.    Calcium  oxalate.    CaCjO^. 
Muriate.     A  chbride. 
Muriatic  Acid.     Hydrochloric  acid. 


N. 
NAPHTHA.     A  light  hydrocarbon  obtained  from  petroleum,  and  boiling  at  about 

80**  to  105**  C. 
Natron.     Native  carbonate  of  sodium. 

Neutral.     Without  action  on  test-paper.     Neither  acid  nor  alkaline. 
Neutral  Mixture.     Solution  of  citrate  of  potassium. 
Nitre.    Saltpeter.     KNO^ 
Normal  Salt.    Neither  acid  nor  basic. 
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o. 

SIDIAN •     Volcanic  glass. 

re.     A  native  mixture  of  clay  and  ferric  oxide,  used  as  a  paint. 

of  Vitriol.     H^O^.     Sulphuric  acid. 

of  Wine.     Ethyl-sulphate.     (C^iJ^O,. 

ide.     A  species  of  brass  resembling  gold,  and  used  for  jewelry. 

iment.     Arsenous  sulphide.     As^^ 

tio-acid.     An  acid  in  which  each  bond  of  the  kernel  is  united  to  h3rdroxyL 

)H.) 

dosis.    The  diffusion  of  liquids  through  porous  septa.     See  Dialysis. 

acid.     A  ternary  acid  containing  oxygen. 


^KFOITG.    A  variety  of  German  silver. 

18  Green.     Impure  Schweinfurth  green.     Aceto-arsenite  of  copper. 

tide.     A  minute  portion  of  matter. 

rl  Ash.     Impure  carbonate  of  potassium. 

rl  Powder.     Subnitrate,  or  oxychloride  of  bismuth.     (BiONO^  or  BiOCl.) 

rl  White.     BiONO„  or  BiOCl. 

rson's  Salt.     Arsenate  of  sodium.    y>jAi^|i    ^Vn-^^u  ^   U  Q<^  O  yL 

rter.     An  alloy  of  variable  composition.     Usually  composed  of  tin,   read, 

id  antimony,  or  zinc. 

chbeck  Gold.     A  species  of  brass. 

Bter-of-Paris.     Calcium  sulphate.     Calcined  gypsum. 

tinum  Black,  and  Sponge.     Finely  divided  platinum. 

mbago.     Native  carbon.     Graphite. 

ash.     Impure  carbonate  of  potassium. 

assa.     Oxide  or  hydroxide  of  potassium. 

irder  of  Algaroth.     Oxychlonde  of  antimony. 

cipitate.     An  insoluble  substance  formed  on  bringing  two  or  more  substances 

>gethcr  in  solution. 

cipitatum  Per  Se.     Mercuric  oxide.     HgO.     Made  by  heating  mercury  to 

ear  its  boiling  point  until  it  oxidizes. 

ston  Salts.     Carbonate  of  ammonia,  flavored  with  some  essential  oil. 

issian  Blue.     Ferric  ferrocyanide. 

issic  Acid.     Hydrocyanic  acid. 

udomorph.     A  mineral  crystallized  in  the  form  that  belongs  to  another  mineral. 

:e-oxide  of  Lead.     Lead  peroxide,  or  brown  oxide. 

'gative  Mineral  Water.     Liq.  magnes.  citrat. 

pie  of  Cassius.     A  pigment  produced  by  treating  chloride  of  gold  with  a  solu- 

on  of  stannous  chloride. 

ty.     Composed  of  whiting  and  linseed  oil. 

ty  Powder.     Stannic  oxide. 

ites.     Native  sulphide  of  iron. 

oxilic  Spirit.     Wood-alcohol.     Methyl-alcohol. 

oxylin.     Gun-cotton.     Trinitrocellulose. 

Q 

ANTI VALENCE.     Quantity  of  combining  power;    applied  to  atoms.     (See 

quivalence.) 

urtz.     SiOj. 

^venne's  Iron.    Femim  redactum. 
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Ouicklime.    Caustic  lime.    CaO. 
Quicksilver.    Mercury. 


R. 


RADICAL.     An  atom,  or  group  of  atoms,  forming  the  basis  of  a  series  of  com- 
pounds. 
Radical  Vinegar.    Glacial  acetic  acid. 
Realgar.     Red  sulphide  of  arsenic. 
Red  Precipitate.    Red  oxide  of  mercury.     HgO. 
Red  Prussiate  of  Potash.     Ferricyanide  of  potassium. 
Red  Tartar.     Argol. 

Regulus  of  Antimony.     Metallic  antimony. 
Roche,  and  Roman  Alums.     Varieties  of  potassium  alum. 
Rochefle  Salt.     Tartrate  of  potassium  and  sodium. 
Rock  Crystal.     Quartz.    SiO^ 
Roman  Vitriol.     Sulphate  of  copp)er.    CuSO^. 
Rouge.     Ferric  oxide  m  fine  powder.     Fe,0,. 
Ruby.     Native  A1,0„  of  a  beautiful  red  color. 
Rust.     Ferric  oxide;  generally  containing  some  ferric  hydrate. 

s. 

SACCHARUM  Satumi.    Acetate  of  lead. 

Safety  Lamp.     A  lamp  inclosed  in  wire  gauze  to  prevent  ignition  of  explosive 

gases  in  mines,  cellars,  etc. 
Sal  ^ratiis.     Potassium  bicarbonate. 

Sal  Alembroth.     Double  chloride  of  mercury  and  ammonium. 
Sal  Ammoniac.     Ammonium  chloride. 
Sal  Diureticus.     Potassium  acetate. 
Sal  Eniximi.     Potassium  bisulphate. 
Sodium  sulphate. 
Sodium  phosphate. 


Sal  Mirabile 
Sal  Perlatum. 
Sal  Prunelle. 
Sal  VoUtUe. 


Fused  nitre.    KNO,. 


Ammonium  carbonate. 
Salt  of  Lemon  and  Salt  of  Sorrel.    Potassium  binoxalate. 
Salt  of  Phosphorus.    Microcosmic  salt. 
Salt  of  Saturn.     AccUte  of  lead. 
Salt  of  Tartar.     Pure  potassium  carbonate. 
Saltpeter.     Potassium  nitrate. 
Sapphire.     A  native  form  of  AI,0„  of  a  blue  color. 
Scneele's  Green.     Arscnitc  of  copper. 
Schlippe's  Salt.     Sodium  sulphantimoniate.     Na^SbS^. 
Schwemftirth  Green.    Copper  aceto-arsenite. 
Seidlitz  Powder.    A  mixture  of  sodium  bicarbonate  and  Rochelle  salt  in  one  paper 

and  tartaric  acid  in  another. 
Seignette's  Salt.     Rochelle  salt,  KNaCJI^O,. 
Sienna.     A  native  red  pigment.     An  impure  oxide  of  in)n. 
Sizing.     A  gelatinous  mixture  put  into  paper  or  doth,  to  till  up  the  pores. 
Slag.     The  fused  impurities  from  smeltmg  of  ons. 
Smalt,     (ilass  colonel  blue  by  oxide  of  cobalt  and  i)C)W(lcred. 
Smelting.     The  process  of  recovering  the  metals  from  their  ores. 
Soapstone.    Talc. 
Soda-ash.    Crude  sodium  carbonate. 
Soda-saltpeter.    Sodium  nitrate.    NaNO,. 


MEDICAL  CHEMISTRY. 

i-water.     Water  artificially  charged  with  CO,  under  pressure. 

er.     An  alloy  of  tin  and  lead. 

ible  Glass.     See  Water  Glass. 

ible  Tartar.     Neutral  potassium  tartrate. 

:ulum  Metal.     An  alloy  of  copper  and  tin. 

S8.     Impure,  fused  nickel  arsenide. 

tcr.     Commercial  zinc. 

'maceti.     A  fat  obtained  from  the  sp)erm  whale. 

it  of  Hartshorn.     Spirit  of  ammonia.    Solution  of  ammonia  in  alcohol 

it  of  Mindererus.     Solution  of  ammonium  acetate. 

it  of  Nitre.     Nitric  acid. 

it  of  Salt.     Muriatic  acid. 

it  of  Wine.     Alcohol. 

abuhl  Yellow.     Barium  chromate.     BaCrO^. 

ititution.    The  displacement  of  an  atom  in  a  molecule  by  another  atom  of  r 

Gferent  kind. 

ir  of  Lead.    Lead  acetate. 

buret.    Sulphide. 

ihuric  ^ther.     EthyUc  ether.    C^HiqO. 

»hur  Vinum.    Impure  sulphur.    Horse-brimstone. 

T. 

.MI  Gold.     An  alloy  of  copper  and  aluminum. 

:ar  Emetic.    Antimonyl  potassium  tartrate. 

:eless  Purging  Salt.    Sodium  phosphate. 

oard's  Blue.     A  compound  of  the  oxides  of  aluminum  and  cobalt. 

»1.     Native  borax.     NajB^Oy. 

:ture.     A  solution  in  alcohol.     When  in  ether  it  is  called  an  ethereal  tincture. 

ibac.     A  kind  of  brass. 

mesol.     Litmus. 

uration.     Rubbing  in  a  mortar. 

aa.     Native  sodium  carbonate. 

y's  Powder.     Compound  morphine  powder. 

abuU's  Blue.     Ferrous  ferricyanidc. 

aer's  Cerate.     Calamine  cerate. 

aer's  Yellow.     Lead  oxychloridc. 

peth  Mineral.     Yellow  sulphate  of  mercury. 

ty.     Impure  zinc  oxide. 

e-metal.     An  alloy  of  lead  and  antimony. 

U. 
'RAMARINE.     Lapis-lazuli.     A  compound  of  aluminum    sodium    silicate 
th  sodium  sulphide.    A  beautiful  blue  pigment.     It  is  now  prepared  artificially, 
well  as  green,  red,  and  violet  varieties. 

t>er.     A  native  silicate  of  aluminum,  with  oxides  of  iron  and  manganese.     Used 
a  brown  paint. 

V. 

^ENCE  of  Atoms.     Quantity  of  combining  power. 
et*s  Mass.     FeCO,  made  into  a  pill -mass. 
8C.     Kelp.     Ash  of  seaweeds. 
1  Antique.     Precious  serpentine. 
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Verdigris.     Impure  copper  subacetate. 
Vcrditcr.     Basic  copper  carbonate. 
Vermilion.     Artificial  mercuric  sulphide. 
Vitriolic  Acid.    Sulphuric  add. 


HgS. 


W. 
WATER  Glass.     Soluble  glass.     Sodium  silicate. 
White  Arsenic.     Arsenous  oxide. 
White  Lead.     A  basic  lead  carbonate. 
White  Precipitate.     Ammoniated  mercur>'.     Mercur-amidogen  chloride. 

HgCl. 
White  Vitriol.     Zinc  sulphate. 

Whiting.     Prepared  chalk.     CaCO,.     White  clay,  often  sold  for  whiting. 
Wood-Ifophtha  and  Wood-spirit.    Methyl-alcohol. 
Wood-Yinegar.     P>Toligneous  acid.     Impure  acetic  acid. 


NIL 


YELLOW  Prussiate  of  Potash.    Potassium  ferrocyanidc. 

Yellow  Wash.     Made  by  adding  corrosive  sublimate  U>  lime-water.     It  form* 
mercuric  oxide. 

Z. 

ZAFFRE.     Impure  cobalt  oxide. 

Zinc  White.    Zinc  oxide.     Used  as  a  paint. 

Zymosis.     The  peculiar  action  caused  by  a  femumt  or  enzymt. 


INDEX. 


A. 

Abrin,  477 

Absorption  spectra,  29,  288 

Acetal,  369 

Acctamid,  39Q 

Acetanilid,  435 

Acetol  salicylate,  431 

Acetone,  370,  641 

detection,  64a 
Acetonuria,  642 
Acetophenone,  425 
Acetozone,  388 
Acetphenetidin,  436 
Acetylenes,  307 
Acetylid,  308 

discidium,  308 

monosodium,  308 

silver,  308 
Acid,  85 

abietic,  452 

acetic,  373 

giacial,  374 

aceto-acetic,  641 

aconitic,  386 

albumin,  491 

amino-acetic,  402,  487 

aminocaproic,  404 

aminoformic,  401 

aminoglutaric,  405 

amino-  hydroxyphenyl  -  propionic, 

404 
amino-propionic,  487 
amino-succinamic,  405 
.  amino-sulpho-lactic,  406 
ammonium  carbonate,  231 
antimonic,  182 
antimonous,  182 
arable,  340 
arsenic,  174,  272 
arsenous,  173.  5  H 
aspartic,  405,  487,  488 
benz^midacetic,  402 
benzene-sul phonic,  432 
benzoic,  427 
beta-hydroxybutyric,  641 


Acid,  binary,  88 
bismuthic,  184 
boric,  266 
bromic,  137 
butyric,  375 
cafTetannic,  484 
camphoric,  449 
capric,  373 
caproic,  373 
caprylic,  373 
carbamic,  401 
carbazotic,  415 
carbolic,  413 
carbonic,  196 
caseanic,  487 
caseinic,  487 
catechutannic,  484 
chloric,  137 
chlorous,  137 
cholic,  406 
chromic,  271 

chrondroitin  sulphuric,  498 
cinnamic,  425,  429 
citric,  385 

cresol -sulphuric,  440 
cresotic,  429 
cyanic,  200 
dcxtrotartaric,  384 
diacetic,  641 
dichloracetic,  374 
dimethyl-uric,  444 
dithionic,  142 
ethylene  lactic,  380 
ethylidine  lactic,  380 
ethyl -sul phonic,  391 
ethyl-sulphuric,  343,  346 
eugenic,  418 
excretolic,  588 
.     formic,  373 
fumaric,  384 
gaduic,  354 
galactonic,  326 
gallic,  429 
gallotannic,  484 
gluconic,  326 
glutamic,  487,  488 


7o^ 
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i,  glycerophosphoric,  324 
glyccrosulphuric,  324 
glycocholic,  406 
glycolic,  379 
glycuronic,  641 
hippuric,  402,  657 
hycirazoic,  156 
hydriodic,  117 
hydrobromic,  115 
hydrochloric,  iii 

estimation,  576 
hydrocyanic,  198,  516 
hydrofluoric,  108 
hydronitric,  156 
hydrosulphuric,  140 
hydroxy -toluic,  429 
hydroxy  benzoic,  428 
hydroxybutyric,  641 
hydroxy -propionic,  380 
hypobromous,  137 
hypochlorous,  136 
hyponitrous,  156 
hypophosphorous,  167 
hyposulphurous,  142 
indoxyl-glycuronic,  440 
indoxyl-sulphuric,  440 
iodic,  137 
isobutyric,  376 
kinotannic,  484 
lactic,  380,  381,  525 

tests  for,  381,  576 
lithic,  443 
maleic,  384 
malic,  383 
malonic,  379,  387 
mannonic,  325 
manosaccharic,  325 
margaric,  378 
meconic,  386 
mesotartaric,  384 
metaboric,  266 
metantimonic,  182 
metaphosphoric,  170 
metatartaric,  385 
mon-amino,  487 
mucic,  326 
muriatic,  in 
nitric,  156,  160 

fuming,  161 

physiological  effects,   162 
tests  for,  162 

in  air,  151 
nitrohydrochloric,  113 
nitromuriatic,  113 


Acid,  nitroso-nitric,  161 
nitrous,  156,  159 

in  air,  151 
nucleic,  497 
oleic,  378 

orthophosphoric,  168 
orthosulphuric,  145 
osmic,  284 
oxalic,  382,  631 
oxaluric,  406 
palmitic,  377 
parabanic,  405 
pectic,  341 
pentathionic,  142 
perbromic,  137 
perchloric,  137 
peisulphuric,   146 
phenic,  413 
phenolsulphonic,  43a 
phenolsulphuric,  440 
phosphomolybdic,  273,  458 
.    phosphoric,  167 

glacial,  170 
phosphorous,  167 
phpsphotungstic,  273 
phthalic,  430 
picric,  415 
piperic,  455 
plumbic,  206 
potassium  carbonate,  336 

sulphate,  226 
propionic,  320 
prussic,  516 
pyroantimonic,  182 
pyrogallic,  42^ 
pyrophosphonc,  167 
pyrophosphate,  218 
pyrosulphuric,  142,  146 
pyrotartaric,  385 
quercitannic,  484 
quinic,  484 
quinotannic,  484 
racemic,  384 
saccharic,  326 
salicylic,  428 
salicylsulphonic,  433 
silicic,  202 

sodium  carbonate,  217 
sodium  sulphate,  215 
stearic,  377 
succinic,  383 
sulphocarbonic,  197 
sul phonic,  amido-ethyl-,  406 
sulphuric,  128,  144 
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Add,  sulphuric,  fuming,  146 

Nordhausen,  144,  278 

sulphurous,  142 

sylvic,  452 

tannic,  4S4,  487 

tartaric,  384 

taurocholic,  407 

tetraboric,  266 

tetrathionic,  142 

thiosulphuric,  142 

trichloracetic,  366 

trihydroxybenzoic,  439 

trithionic,  142 

tropic,  466 

tungstic,  272 

uric,  443,  629,  669 
detection  of,  629 

valeric,  376 
Acidity  of  gastric  contents,  576 

of  uripe,  620 
Acid-protein,  504 
Acids,  aliphatic,  37a 

amic,  398,  401 

amido-,  398,  402 

amino-,  402 

aromatic,  427 

atomicity  of,  372 

basicity  of,  86,  372 

biliary,  406,  644 
tests,  407 

binary,  83 

definition,  85,  371 

di-amino,  487 

dibasic,  372 

fatty,  372 

mineral,  513 

mon-amino,  487 

monatomic,  373 

monobasic,  372 

nucleic,  497 

organic,  372,  576,  578 

sulphonic,  391,  432 

thio-arsenous,  174 

thionic,  142 

tribasic,  372 

vegetable,  513 
Aconitine,  473 
Acridin,  453 
Acrolein,  350 
Acrosc,  331 
Actinic  rays,  30 
Actinism,  30 
Actinium,  72 

46 


Addition  products,  300 
Adenin,  442,  480 
Adhesion,  5 
Adipocere,  377 
Adracanthin,  341 
Agglutinins,  479 
Air,  148 

gases  in,  151 

liquid,  150 
Alabandite,  273 
Alanin,  487,  488 
Albumin,  egg,  492 

estimation  of,  in  urine,  638 

serum-,  491 

tests  for,  632 

vegetable,  492 
Albuminates,  503 
Albuminoids,  490,  493 
Albuminometer  (Esbach's),  633 
Albumins,  acid,  504 

alkali,  504 

native,  490 
Albuminuria,  accidental,  636 
Albumoses,  504,  530,  594,  634 
Alcohol,  absolute,  316 

estimation  ofc  318 

amyl,  321 

aromatic,  424 

benzylic,  424 

butyl,  320 

ceryl,  322 

cetyl,  322 

cinnamyl,  424 

commercial,  317 

common,  316 

ethyl,  316 

ethylene,  322 

heptyl,  315 

hexyl,  315 

isopropyl,  320 

melissyl,  322 

menthyl,  449 

methyi,  316 

octyl,'  315 

phenyl,  413 

physiological  action,  317 

propyl,  320 

salicylic,  424 
Alcohols,  aldehyde,  326 

aromatic,  424 

diatomic,  313,  322 

hexatomic,  325 

ketone,  326,  370 


o6 


INDEX. 


Jcohols,  monatomic,  314 

pentatomic,  325 

primary,  313 

secondary,  313 

table  of,  315 

tertiary,  314 

tetratomic,  325 

triatomic,  313,  323 
ildehyde,  acetic,  365 

anisic,  425 

aromatic,  424 

cinnamic,  425 

cuminic,  425 

ethyl  or  acetic,  365 

form-,  364 

propionic,  320 

salicylic,  425 

trichlor-,  366 

vanillic,  425 
Idehydes,  363 
Jdoses,  329 
le,  319 

Igaroth,  powder  of,  181 
Igin,  341 
lizarin,  411,  427 
Ikali,  volatile,  155 
Ikali-albumin,  504 
Ikali-proteins,  504 
Ikaline  earths,  metals  of,  242 
Ikaloids,  456 

cadaveric,  474 

color-reactions,  459,  460 

isoquinolin  group  of,  470 

natural,  456 

nomenclature,  457 

properties,  457 

purin  group  of,  472 

putrefactive,  474 

pyridin  group  of,  463 

qui  noli  n  group  of,  468 

reagents  for,  458 

separation  of,  459 

table  of,  460,  464 
llantoin,  406 
llotropism,  no,  123 
llotropy,  123 
lloxan,  406 
lloxuric  bodies,  441 
Ipha-naphthol,  419 
Iphozone,  389 
lum,  ammonium,  268 

burnt,  268 

chrome,  269 

ferric,  269 


Alum,  manganese,  268 

potassium,  268 
Alumina,  268 
Aluminates,  267 
Aluminite,  268 
Aluminum,  267 

and  ammonium  sulphate,  268 

bronze,  267 

chloride,  267 

hydroxide,  268 

naphthol-disulphonate,  433 

oxide,  267 

sulphate,  268 
Alumnol,  433 
Amalgam,  259 
Amalgamation,  52 
Amber,  452 
Amethyst,  201 
Amidogen,  299,  399 
.Amids,  398,  399 

classification  of,  398 
Amins,  395 

aromatic,  434 

classification  of,  395 

preparation,  395 

primary,  395 

secondary,  395 

tertiary,  395 
\mmonia,  132,  151,  154,  488 

action  on  economy,  232 

composition,  155 

estimation  in  urine,  643 

-liquor,  191 

tests,  155 
Ammoniacum,  452 
Ammonias,  aldehyde,  363 
Ammonio-fcrrous  sulphate,  278 
Ammom'o-magnesium   phosphate,  254, 

620,  655 
Ammonium,  230 

acetate,  232 

bases,  395 

benzoate,  232,  428 

bromide,  230 

carbamate,  231,  401 

carbonate,  231,  528 
neutral,  231 

chloride,  230 

compounds,  230 

hydroxide,  231 

ichthyol-sulphonate,  433 

iodide,  231 

molybdate,  271 

muriate,   230 
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Ammonium  nitrate,  231 

phosphate,  232 

purpurate,  406 

salicylate,  232 

salts,  132 

sesquicarbonate,  231 

sulphate,  232 

sulphide,  232 

sulphocyanate,  232 

sulphydrate,  151,  232,  258 

urate,  629,  665,  666 

valerate,  232 
Ampere,  47 

international,  48 
Ampere's  law,  12,  73 
Amperemeter,   49 
Amphicreatinin,  481 
Amygdalin,  199,  424,  481 
Amyl-acetate,  347 

-alcohol,  321 

nitrate,  348 

nitrite,  348 
Amylene  hydrate,  322 
Amyloid  matter,  495 
Amylopsin,  534 
Amylum,  335 
Analgen,  456 
Analysis,  proximate,  523 

toxicological,  175 
Anesthetics,  516 
Anglesite,  207 
Anhydride,  86 

acetic,  388 

boric,  266 

carbonic,  193 

hypochlorous,  136 

molybdic,  271 

nitric,  156 

nitrous,  156 

pcrsulphuric,  142 

phthaUc,  430 

plumbic,  206 

silicic,  201 

sulphuric,  144 

sulphurous,  142 
Anhydrides,  86,  388 
Anhydrite,  246 
Anilids,  435 
Anilin,  434 

colors,  434 

derivatives,  434 
dimethyl-,  434 
methyl-,  434 


Anilin  tests,  437 
Animal  body,  519 

cell,  529 

nutrition,  542 

synthesis,  523 
Anions  59,  77 
Annatto,  507 
Anode,  55 

Anthracene,  192,  411 
Anthracite,  189 
Anthraquinone,  411,  427 
Anthrarobin,  427 
Antiarin,  482 
Antidote,  510 
Antifebrin,  435 
Antimony,  180 

and  potassium  tartrate,  183 

butter  of,  181,  514 

chloride,  181,  514 

crocus  of,  181 

glass  of,  181 

hydride,  180 

oxide,  182,  514 

oxychloride,  181 

pentachloride,  181 

pentasulphide,  182 

pentoxide,  182 

physiological  action  of,  183 

protochloride,  181 

sulphate,  182 

sulphide,  182 

tartrated,  228 

tetroxide,  182 

trichloride,  181 

trioxide,  182 

trisulphide,  181 

vermilion,  182 

wine  of,  514 
Antipyrin,  436 
Antiseptics,  152,  539 
Antitoxin,  479 

diphtheritic,  480 
Apatite,  246 
Apomorphine,  471 

hydrochloride,  471 
Appendix,  670 
Aqua,  134 

ammonix,  155 
fortior,  155 

anisi,  135 

destillata,  134 

fortis,  160 

hydrogenii  dioxidi,  135 
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Kqua.  rcgia,  i6i 
\rabic,  gum,  340 
\rabinose,  327,  340 
\rbutin,  482 
\rchil,  421 
\rgentum,  237 
\rgimn,  405,  487 
^rgol,  384 
\rgon,  106 
\rgyrol,  240 
\micin,  451 
\ristol,  418 
\nnature,  38 
\romatic  aldehydes,  424 
\rscnic,  170,  514 

disulphide,  174 

dimethyl,  172 

fluoride,  172 

iodide,  181 

oxides,  173 

pentasulpbade,  174 

poisoning,  175 

tribromide,  172 

trichloride,  172 

white,  514 
\rsin,  171 
\rtesian  wells,  129 
\safetMa,  452 
\saprol,  433 
\sbestos,  252 
\sepsis,  152 
\septol,  432 
\sparagin,  405 
\sphaltum,  192 
\sselin,  354 
\ssimilation  521,  544 
\tmosphere,  148 
\tomic  weight,  76 
\tomicity  of  adds,  372 

of  molecules,  75 
Vtoms,  characteristic  groups  of,  82 

combining  power,  78 

definition  of,  76 

equivalent  of,  78 
Atropine,  466 

sulphate,  466 
^urates,  242 
Vuric  chloride,  242 

oxide,  242 
Aureus  chloride,  241 

oxide,  242 
Ivogadro's  law,  12,  65,  73 
kzobenzene,  438 


Azo-compounds,  437 
Azurite,  233 

B. 

BAcaLUS  butylicus,  541 
Bacteria,  nitrifying,  523 
Baking  powders,  228 
Balsam  Peru,  452 
Balsams,  453 
Bands,  dark,  28 
Barite,  250 
Barium,  250 

carbonate,  251 

chloride,  250 

nitrate,  251 

oxide,  250 

peroxide,  250 

physiological  effects  of,  25 1 

sulphate,  251 
Barometer,  10 
Baryta,  250 
Base,  86 
Bases,  artificial  organic,  453 

natural  organic,  456 

organic,  453 

pyridin,  454 

quinolin,  456 
Basicity  of  acids,  86,  372 
Bassorin,  341 
Batteries,  care  of,  5 1 

polarity  of,  52 

storage,  53 
Battery,  Bunsen,  50 

Callaud,  51 

Grove,  50 

Leclanch^,  51 
Beef-tea  or  extracts,  568 
Beer,  319 
Belladonna,  517 
Benzaldehyde,  424 
Benzene,  409,  453 

derivatives,  411 
halogen,  412 
hydroxyl,  412 

dinitro-,  410 

hexachloride,  408 

m'tro-,  410,  434 

sulphonic  acid,  432 
Benzin,  305 
Benzoates,  428 
Benzoic  aldehyde,  413 
Benzoin,  453 
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Eenzoinol,  305 
Benzol,  409 
Benzoquinone,  426 
Benzosol,   422 

Benzoyl-sulphonic  imidy  433 
Benzj-I-chloride,  413 
Berberine,  472 
BerthoUet's  laws,  93 
Benllium,  243 
Bessemer  steel,  276 
Beta-naphthol,  419 
Betol,  432 

Beverages,  alcoholic,  319 
Bile,  583,  644 

composition  of,  583 

toxic  eflFects  of,  584 
Biliary  coloring  matters,  508 

in  urine,  644 
Bilicyanin,  508 
Bilifuh-in,  508 
Bilifuscin,  508,  509 
Bilihumin,  508 
Biliphein,  508 
Biliprasin,  508,  509 
Bilirubin,  508 

hydro-,  508 
Biliverdin,  509 
Bioses,  326 
Bismuth,  184 

carbonate,  185 

chloride,  184 

citrate,  186 

hydroxide,  185 

nitrate,  185 

oxides,  184 

physiological  action  of,  186 

subcarbonate,  185 

subgallate,  186 
•-  subnitrate,  185 

sulphate,  186 

tests,  186 
Bites,  517 

Biuret  reaction,  487 
Black  wash,  261 
Blast-furnace,   276 
Bleaching  powder,  244 
Blende,  255 
Blood  in  CO,  poisoning,  196 

casts,  662 

crystals,   502 

dragon's,  451 

in  urine,  636,  662 

tests   for,   636 
Blue  stone,   235 


Blue  vitriol,  235 

Boas's  solution,  575,  577 

Bodies,  organic,  containing  nitrogen,  392 

Body,  definition  of,  2 

Boiling  point,  18,  287 

Bone-ash,  247 

black,   188 

phosphate,  246 
Borax,  218,  266 
Boroglycerid,  266 
Boron,  265 

chloride,  265 

fluoride,  265 
Botulismus,  480 
Brandy,   319 
Braunite,  273 
Brazil-wood,  507 
Brighton  green,  236 
Brimstone,  138 
British  gum,  340 
Broggerite,  106 
Bromelin,  537 
Bromides,  tests  for,  1 15 
Bromination,  heat  of,  358 
Bromine,  113 
Bromoform,  311 
Bromol,  415 
Bromphenois,  415 
Brucine,  468 
Brunswick  green,  236 
Bunsen  burner,  120 
Bunsen's  battery,  50 
Burnett's  fluid,  152 
Butane,  313 
Butter,  356,  596 

cacao-,  355 

of  antimony,  181 
Butterine,  357 
Butyric  add,  375,  541 


Cadaverin,  476 

Cadmium,   258 
chloride,  358 
compounds  of,  258 
hydroxide,  258 
iodide,  258 
oxide,  258 
sulphate,  258 
sulphide,  258 

Caffeine,  444,  472 
dtrated,  472 

Calamine,  255 
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ilcitc,  247 
ilcium,  243 

/i-naphthol  sulphonate,  433 

bromide,  243 

carbide,  245 

carbonate,  247,  657 

casein,  499 

chloride,  243 

compounds,  243 

fluoride,   243 

hydroxide,   245 

hypochlorite,  244 

hypophosphis,  248 

iodide,  243 

-light,  248 

oxalate,  248,  654 

oxide,  244 

phosphates,  246 
acid,  247 
dicalcium,  247 
monocalcium,  247 
tricalcic,  or  bone,  246 

physiological  effects  of,  248 

sulphate,  246,  656 
ilcium  sulphide,  248 
ilculi,  biliary,  588 

urinary,  666 
dculus,  compound,  666 

mixed,  666 

mulberry,  248,  666 

simple,  666 
illaud's  battery,  51 
ilomel,  260 
ilorie,  17,  546 

kilogram  calorie,  17,  546 
ilorimeter,  547 
ilx,  244 

chlorinata,  244 

sulphurata,  248 
imphor,  448 

borneol,  or  Borneo,  449 

common  Japan,  448 

dibromide,  449 

monobromated,  449 

salol,  432 
ine-sugar,  332 
innabin,  451 
mtharidin,  450 
loutchouc,  450 
ipillar)'  attraction,  6 

repulsion,  6 
iput  mortuum,  280 
iramel,  333 
irat,  241 


Carbamid,  400,  625 
Carbides,  201 
Carbinol,  314 
Carbohydrates,  326 
Carbolic  acid,  513 
Carbon,  187,  288 

amorphous,  187 

and  nitrogen,  198 

and  oxygen,  192 

and  sulphur,  197 

detection  of,  288 

dioxide,  151,  193,  517 
in  air,  151 

physiological  effects,  193 
tests  for,  196 

disulphide,  151,  197 

gas-retort,  188 

monosulphide,  198 

monoxide,  192,  518 

tetrachloride,  311 
Carbonates,   196 
CamaUte,  220,  252 
Camelian,  201 
Carnin,  444 
Carnosin,  481 
Carragheen,  341 
Carvacrol,  418 

iodide,  418 
Casease,  600 
Casein,  498,  595 
Cascinogen,  498 
Caseins,  vegetable,  506 
Caseon,  600 
Cassiterite,  202 
Castorin,  451 
Casts,  blood,  662 

epithelial,  663 

fatty,  663 

granular,  663 

hyaline,  662 

mucous,  664 

oil,  663 

waxy,  664 
Cataphoresis,  61 
Cathions,  59,  77 
Cathode,  55 
Caustic  alkalies,  211 

poisoning,  229 

lunar,  239 

potash,  223 

soda,  214 
Celestite,  249 
Cell,  Bunsen*s,  50 
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Cell,  CaUaud,  51 

composition,  539 

fibrinogen,  530 

forms  of,  49 

galvanic,  theoiy  of,  44 

globulin,  530 

Grove's,  50 

Leclanch!!,  51 

membrane,  530 

metabolism   531 
Celluloid,  339 
Cellulose,  338 

animal,  339 
Cement,  245 
Cementation,  276 
Centrifugal  cream,  613 

machine,  651 
Cerasin,  341 
Cerebrin,  330 
Cerebrose,  330 
Ceresin,  306 
Cerium,  209 

oxalate,  209 
Cerussite,  204,  207 
Cesium,  229 
Chain,  open,  295 

closed,  295 
Chalcocite,  233 
Chalcopyrite,  233 
Chalk,  247 

prepared,  247 
Charcoal,   188 

animal,  188 

official  preparations  of,  189 
Charge,  40 
Charles,  law  of,  1 1 
Chemical  affinity,  6 

compounds,  types  of,  84 
nomenclature,  87 

elements,  definition  of,  70 
table  of,  71,  72 

equations,  94 

notation,  79 

physics,  8 

reactions,  92 

symbols,  79 
Chemicals,  solubility  of,  681 
Chemism,  6 
Chemistry,  definition  of,  i 

inorganic,  99 

organic,  285 

phj-siological,  519 

theoretical,  70 


I  Chinolin,  456 
Chitin,  495 
Chloral,  366,  516 

-acetaldoxime,  368 

-acetoxime,  36^ 

action  on  economy,  367 

alcoholate,  367 

-amid,  399 

-ammonia,  367 

anhydrogluco-,  368 

-benzaldoxime,  368 

butyl-,  368 

-camphoroxime,  368 

chloroform,  309 

compounds,  367 

croton,  368 

-formamid,  367,  399 

habit,  367 

hydrate,  367 

-imid,  367 

-menthol,  367 

-oximes,  ^6S 

tests,  368 

-urethane,  367 
Chloralose,  367,  368 
Chlorhydrins,  324 

di-,  324 

mono-,  324 
Chloric  tetroxide,  137 
Chloride  of  lime,  244 
Chlorides  in  urine,  622 

estimation  of,  62a 
Chlorine,  109 

hydrate,  1 10 

group,  107 

liquid,  no 

oxides  136 
Chlorococcus,  584 
Chloroform,  309 

chloral,  309 

physiological  action,  310 

vapors,  516 
Chlorophyll,  507,  520 
Chlorophyllin,  520 
Cholcpyrrhin,  508 
Cholin,'397,  476 
Chondrin,  493,  494,  498 
Chromatcs,  271 

toxicolog)-,  271 
Chromatin,  497 
Chrome  alum,  269 

gri-cn,  270 

yellow,  208 
Chromic  anhydride,  271 
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xromic  chlorides,  270 

oxide,    270 

sulphate,  270 

trioxide,  271 
iromite,  226 
tiromium,  269 

compounds,  270 

oxides,  270 

sulphates,  270 

toxicology  of,  271 
tiroraogens,  645,  647 
firomoj)hanes,  509 
hromo-protcins,  500 
tiromous  chloride,  270 

hydroxide,   270 
Kymosin,  537 
tiyluria,  643 
Inchona,  469 
inchonidine,  460,  464 
inchonine,  470 
innabar,  259 
itral,  449 

iassification  of  elements,  99 
ay,  201 
evite,  106 
upcin,  495 
)agulation,  485 
)al,  189 

anthracite,  189 

bituminous,  189 

brown,  189 

canncl,  189 

gas,  190 

lignite,  189 

oil,  305 

tar,  192 

wood,  189 
jbalt,   282 

compounds  of,  282 
)baltic  compounds,  283 
)baltite,  282 

)baltous  compounds,  282 
chloride,  282 
hydroxide,  283 
nitrate,  283 
oxide,  283 
sulphate,  283 
sulphide,  283 
xraine,  467 

hydrochloride,  467 
>cculus  indicus,  516 
>ccus,  507 
xhineal,  507 


Codeine,  471 
Cohesion,  5 
Coil,  induction,  56 
Coke,  188 
Colchiceine,  473 
Colchicine,  473 
Colcothar,  280 
Colic,  painters',  208 
Collagen,  493 
Collodion,  339 

cantharidal,  339 

flexible,  339 

stypUc,  339 
Colloids,  67 
Collargol,  238 
Colophene,  447 
Colophony,  447 
Color,  24 

complementary,  25 
Coloring  matters,  vegetable,  507 
Colors,  table  of,  25 
Colostrum,  601 
Combining  power,  quality  of,  77 

quantity  of,  78 
Combustion,  120 

slow,  120 

moist,  132 
Compound  molecules,  85 
Compounds,  binary,  85 
Compressibility,  6 
Conchiolin,  495 
Concretions,  urinary,  658 
Condiments,  568 
Conductors,  resistance  of,  41,  53 
Congo-red,  575 
Coniferin,  482 
Coniine,  455 
Constitution,  292,  298 
Convolvulin,  482 
Copal,  452 
Copper,  '233 

acetates,  236 

ammoniosulphate,  235 

arsenite,  236 

basic  acetates,  236 

carbonates,  236 

pigments,  236 

poisoning,  237 

pyrites,  234 

stone,  233 

sulphate,  235 

toxicological  action,  237 
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Copperas,  278 
Cordials,  quieting,  516 
Core,  influence  of,  58 
Corpuscle,  3 

Corrosive  sublimate,  261 
Corundum,  268 
Cotton,  gun-,  338 
Coulomb,  47 

international,  48 
Cream,  612 

of  tartar,  228,  384 
Creatin,  403,  481 
Creatinin,  403,  481 
Creolin,  416 
Creosote,  423 

beechwood,  423 

carbonate,  423 
Cresol,  416 

iodide,  417 
Cresotal,  423 
Cresotates,  430 
Critical  temperature,  9^  194 
Crocin,  507 
Crocoisite,  204 
Crocus,  red,  280 
Crotin,  477 
Crusocreatinin,  480 
Cryolite,  267 
Cryoscopy,  650 
Crystallin,  492 
Crystallization,  67 

water  of,  68 
Crystallography,  67 
Crystalloids,  67 
Cr}'stals,  forms  of,  69 

system  of,  69 
Culinary  paradox,  18 
Cupric  acetate,  236 

bromide,  235 

carbonates,  236 

chloride,  234 

compounds,  234 

hydroxide,  235 

oxide,  235 

subacetate,  236 

sulphate,  235 

tetrammonium  sulphate,  335 
Cuprite,  233 
Cuprous  compounds,  234 
chlorides,  234 
cyanide,  234 
iodides,  234 
oxides,  234 


Cuprous  compounds,  sulphides.  254 
Curcumin,  5&7 
Currents,  extra,  57 

Caradic.  57 

induced.  55 

intemipied.  45,  57 

local.  57 

secoadar%',  57 

thermo-elcctrKal,  59 
Cyanides,  199 

compound.  200 

ISO-,  303 

tests  for,  200 

toxicology,  199 
Cyanogen,  198 
^  Cycles,  295 
'  Cyclops,  132 
Cymene.  410 
Cymogene,  304 
I  Cj-stin,  406,  488,  ^7 
Cytase.  535 
C>t05in,  481 

D. 

Daily  ration,  Ubie  of,  551 

Dammar,  45 1 

Daphinae,  132 

Daturine,  466 

Decimal  system,  6 

Decoction,  135 

Definite  proportion,  law  of,  105 

Degrees,  centigrade,  23 

Fahrenheit,  23 

table  of,  677 
Deliquescent,  68 
Deliriants,  517 
Density,  3 
Deodorizers,  152 
Deoxidation,  105 
Deposits,  cr\*stalline,  653 

urinary,  650,  665 
organized,  659 
table  for  analysb  of,  665 
Depressants,  517 
Desmids,  132 
Detritus,  665 
Dew  point,  150 
Dextrin,  340 

in  urine,  640 
Dextrorotatory,  36 
Dextrose,  329 

detection,  637 


14 

)extrose,  estimation,  637 

>iabetes  mellitus,  637 

Mabetin,  331 

)ialysis,  62,  64,  66 

)ialyzer,  66 

)iamin,  metaphenylene,  437 

tetramethyl-,  475 
Mamins,  43  7»  64$ 
)iamond,  187 
)iastase,  534 

pancreatic,  537 
Hazonium,  438 
)iazo-reaction,  644 

compounds,  437 
>icalcium  phosphate,  247 
)ichlorhydTin,  324,  348 
)idymium,  29,  72 
>iet,  545 

American,  553 

calculation  of,  553 

European,  552 

exchange  of  material  in,  565 

tables,  550 
)iethylendiamin,  398 
)iffusion,  62 

Graham's  law  of,  15 

of  gases,  14 

of  liquids,  64 
)iformin,  349 
Mgestion,  1^5,  570 

artificial,  562 
)igitalein,  482 
)igitalin,  482 
Mgitalis,  517 
)igitoxin,  482 
)ihydrobenzene,  412 
)ihydroxy-toluene,  421 
)imethyl-amido-azobenzene,  438 
)imethylamin,  396 
)imethyl-phenols,  417 
)imorphism,  67 
Hmorphous,  173 
)ionine,  472 
)ipentine,  445,  448 
)iphenyl,  410 
)iphtheria  antitoxin,  480 
)ipotassium  sulphate,  226 
)isaccharids,  331 
)isinfectant,  Lenande's,  152 
)isinfectants,  152 

commercial,  154 
)isodium  phosphate,  217 
)istillation,  19,  319 
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Distillation,  destructive,  19 

fractional,  19 
Diuretin,  473 
Dolomite,  252 
Donne's  test,  637 
Donovan's  solution,  173 
Dragon's  blood,  451 
Dusline,  324 
Duldte,  326 
Duldtol,  326 
Dulcose,  326 
Dynamite,  324 

E. 

Ebonite,  450 
Ecgonine,  467 
Edestin,  493 
Efflorescence,  68 
Egg  albumin,  492 

globulin,  492 

white,  492 
Ehrlich's  test,  644 
Elastin,  494 
Electrical  charge,  40 

current  or  circuit,  45 

induction,  41 

tension,  46 

units,  46 
Electricity,  39,  44 

by  chemical  action,  44 

by  friction,  39 

by  induction,  41 

by  magnetism,  58 

effects  of,  60,  61 

extra  currents,  57 

frictional,  43 

machine,  43 

Toepler-Holtz,  43 

magneto-,  58 

produced  by  chemical  action,  44 

resistance  of  conductors,  53 

secondary  or  induced  currents,  5 

thermo-,  59 
Electrics,  40 
Electrode,  55 

positive,  55 
Electrolysis,  59 
Electrolytes,  59 

Electrometallurg}'  or  plating,  60 
Electrometer,  49 
Electromotive  force,  46 
Electron,  3,  40,  45 
Electronegative  atoms,  78 
Electropositive  atoms,  78 
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Elements,  chemical,  definition,  70 

classification,  99 

non-metallic,  loi 
Elemi,  451 
Elutriation,  247 
Emen',  267 
Emetics,  512 
Emulsin,  535 

ferment,  532 
Energ>-,  8 

muscular,  568 

vegetable,  520 
Enterokinase,  537 
Enteroliths,  588 
Enzj-mes,  532 
Epiguanin,  444 
Episarcin,  444,  481 
Epithelium  cells,  660,  662 
Epsom  salt,  253 
Equations,  94 
Equilibrium,   93 

reaction,  93 

tissue-,  565 
Equivalence,  78 

table  of,  S^ 

variation  in,  81 
Erbium,  29 
Erepsin,  506,  537 
Er>thrin,  325 
Er>'throl,  325 
Er>thrite,  325 
Esculetin,  482 
Esculin,  482 
Eserine,  473 
Elssence  of  mii^xane,  434 
Essences,  447 
Esters,  342,  344 

aromatic,  430 

of  glycerj'l,  348 

saponification  of,  345 
Ethane,  303 
Ethal,  322 
Ethene,  306 
Ether,  342 

acetic,  345 

ethyl,  343 

luminiferous,  23 

methyl-,  343 

nitrous,  345 

sulphuric,  343 
Ethereal  sulphates,  622 
Ethers,  341 

compound,  342,  344 


I  Ethers,  formation  of,  342 

mixed,  342 

of  glycer>l,  348 

of  paraffin  series,  343 

simple,  342 
Ethine,  307 
Ethyl-acetate,  345 

-alcohol,  316 

-bromide,  312 

-carbamate,  347 

-chloride,  312 

-mercaptan,  389 

-nitrite,  346 

-oxide,  343 

-sulphate,  346 
Eucalyptin,  450 
Eucal>'ptol,  449 
Eugenol,  418 

-acetamid,  418 

benzoyl-,  418 

cinnamyl-,  4x8 

iodo-,  418 
Euphorin,  432 
Evaporation,   19 
Ewsdd's  test,  581 
Exalgin,  435 
Elxcretin,  588 
Extension,  6 
Extract,  Goulard's,  208 

malt,  534 

pear,  348 

pineapple,  348 

strawberry,  348 


Fasad,  48 

Fat  in  urine,  658 

estimation  of,  596 

in  milk,  596 
Fats,  523 

in  human  body,  359 

melting  point  of,  357 

natural,  349 
Feces,  584 

color,  584 

composition  of,  585 

in  disease,  589 
Feeding  experiments,  548 
Fehling's  solution,  330,  639 
Feldspar,  267 
Ferment,  acetic  acid,  540 


7i6 


INDEX. 


Ferment,  alcohoEc,  316,  539 

butyric,  540 

curdling,  537 

emuLsin,  535 

fibrin,  502,  538 

lactic,  540 

nitrif>'ing,  542 

organized,  533,  539 

pepsin,  536 

soluble,  or  unorganized,  533 

urea,  541 
Fermentation,  acid,  619 

alcoholic,  316 

butyric,  540 

lactic,  540 

putrefactive,  541 
Fermentatives,  anti-,  539 
Ferments  in  urine,  645 

in  stomach,  579 
Ferric  alum,  2S0 

chloride,  279 

compounds,  279 

hydroxide,  176,  280 

with  magnesia,  176,  514 

nitrate,  281 

oxide,  280 

phosphate,  281 

pyrophosphate,  281 

sesquioxide,  280 

sulphates,  280 
Ferricyanides,  200 
Ferrocyanides,  200 
F*erromanganese,  273 
Ferrous  carbonate,  278 

chloride,  277 

compounds,  277 

hydroxide,  278 

iodide,  278 

lactate,  279 

oxalate,  279 

oxide,  278 

phosphate,  279 

protosulphide,  279 

saccharated  iodide,  278 

sulphate,  278 

sulphide,  279 

tartrate,  279 
Fibrin,  502 

ferment,  502,  538 
Fibrinogen,  492 
Fibrinoplastin,  492 
Fibroin,  495 


'  Fire-damp,  ^02 
Flame,  oxidizing,  121 

rfducing,  121 
Flavin,  483 
Flavors,  artificial  fruit,  348 

pear,  348 

pineapple,  348 

strawberry,  348 
Fluid,  Burnett's,  152,  515 

soldering,  515 
Fluorescein,  421 
Fluorine,  107 
Fluor-spar,  108 
Food,  absorption  of,  563 

accessories,  566 

assimilation,  563 

calorific  value,  549 

composition  of  common,  558 

cooking  of,  562 

dynamic  energy  of,  546,  549 

proximate  principles  of,  544 

volume,  561 
Foods  and  diet,  544 

digestibility  of,  559 

function  of,  563 

proteid-sparing,  566 

value  of,  545 
Force,  8 

electromotive,  46 

heat,  9 
Forces,  physical,  3 
Formaldehyde,  153,  364,  522 
Formalin,  364 
Formamid,  399 
Formin,  412 
Formulae,  empirical,  80 

graphic,  80 

rational,  80 

structural,  80 
Fowler's  solution,  174 
Frauenhofer's  lines,  28 
Fraxin,  482 

Freezing  point,  17,  291,  649 
Fructose,  331 
Fruit-sugar,  331 

flavors,  348 
Fucose,  328 
Fulminates,  317 
Furfurol,  328 
Fuscin,  509 
Fusel  oil,  321 
Fusing  point,  287 
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Gadinin,  477 
Gadium,  354 
Galactose,  327,  330 
Galbanum,  452 
Galena,  or  galenlte,  204 
Gallacetophenone,  426 
Galvanic  cell,  theory  of,  44 

current,  45 
Galvanometer,  49 
Gamboge,  452 
Gas,  accidental,  in  air,  151 

air,  191 

coal,  190 

composition  of,  191 

illuminating,  190,  517 

marsh,  302 

natural,  302 

olefiant,  306 

water,  191 
Gaseous  state,  1 7 
Gases,  constitution  of,  9,  12 

diffusion  of,  14 

intestinal,  589 

poisonous,  512,  518 

tension  of,  9 
Gasolene,  191 
Gasometer,  191 
Gastric  juice,  571 

acidity  of,  572 
action  of,  573 
analysis  of,  572 
clinical  examination  of,  5/3 
Gelatin,  494 
Geraniol,  449 
Germanium,  202 
Germicides,  152 
Giant  powder,  324 
Gin,  319 
Glass,  202 

soluble  or  water,  20a 
Glauber's  salt,  215 
Gliadin,  493 
Globin,  495 
Globulin,  490,  492 

para-,  492,  505,  634 

serum-,  492,  634 
Globulins,  490,  492 
Glossary,  688 
Glucinum,  243 
Gluco-proteids,  498 
Glucose,  .329,  637 


Glucose,  detection  in  urine,  637 

estimation  of,  639 
Glucoses,  329 
Glucosides,  481 
Glue,  494 
Glusidum,  433 
Glutamin,  405 
Gluten,  493 

fibrin,  493 
Glutei  ins,  490 
Glutenin,  493 
Glycerin,  323 

nitro-,  324 
Glycerinum,  323 
Glycerita,  sp.  gr.,  8 
Glycerol,  323 
Glyccrose,  326 
Glyceryl-trinitrate,  324 
Glycin,  402,  487,  488 
Glycocin,  322,  402 
Glycocol,  402,  487,  488 
Glycogen,  337 
Glycol,  322 
Glycolysis,  539 
Glycoproteins,  491 
Glycosuria,  637,  640 
Glycyrrhetin,  482 
Glycyrrhizin,  482 
Gmelin's  test,  644 
Gold,  240 

trichloride,  242 
Goulard's  extract,  208 
Graham's  law  of  diffusion,  15 
Gram,  definition,  7 

molecule,  62 
solution,  63 
Grape-sugar,  329 
Graphite,   187 
Gravitation,  definition  of,  3 

law  of,  3 
Gravities,  specific,  679 
Gravity,  specific,  3 

flask,  4 
Green,  Brighton,  236 

Brunswick,  236 

mineral,  236 

mitis,  236 

mountam,  236 

Neuwiedcr,  236 

Paris,  236 

Schweinfurt,  236 

verditer,  236 
Greenockite,  258 
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>uaiacol,  421 

benzoyl,  423 

carbonate,  433 

iodide,  421 

salicylate,  431 
juiuacum,  45 
juanin,  443,  480 
julose,  337 
J  urn -acacia,  340 

arabic,  340 

bassorin,  340 

-benzoin,  437,  453 

British,  340 

-dammar,  451 

group,  339 

guaiacum,  452 

-lac,  451 

mastic,  451 

resins,  451 

Senegal,  341 

tragacantn,  340 
3um»,  339,  45" 

vegetable,  339 
jun -cotton,  ^^^ 
3un-powder,  225 
[iiinzburg'^  solution,  575,  577 
^utta-percha,   450 
gypsum,  346 


Haines's  solution,  638 
Halogen  elements,  107 
Haloid  derivatives,  308 
Hausmannite,  373 
Heat,  15 

effects  of,  1 7 

latent,  20 

measurement  of,  17 

mechanical  equivalent,  16 

sensible,   31 

sources  of,  16 

specific,  31 
Hcav>'-spar,  351 
Helium,  106 
Helleboreinj  +S2 
Hcllcborim  4^2 
Heller's  test,  63J 
Hcmatin,  50  j 

hydroch  bride,  501 
Hematite,  275 
Hematogen,  499 
Hematoidin,  503 


Hematoporphyrin ,  503,  646 
Hematojcylon,  507 

Hematurin,  636 
HemiccUulose,  339 
Hemin*  crystals,  501 
Hcmochromogen,  502 
Hcmocyanin,  503 
Hemoglobin t  500 
Hemoglobinometcr,  501 
Hemoglobinuria,  636 
Henry,  48 
Heptoscs,  336,  337 
Heroine,  471 
Hetcrojcanthm,  444,  480 
HexahydrobetVitene,  41a 
Hex^ihydropyridin,  466 
Hcxamethylene-tctraminj  412 
Hc^tabiosesp  3^7 
Hexon  bases,  481 
Hexoses,  339 
Histidin,  405,  488 
Histones,  495 
History  in,  539 
Homatropitre.  467 
Homologous  series,  296 
Hornblende,  252 
Hunger,  557 
Hyalogen,  498 
Hydracids,  89 
Hydrastine,  472 
Hydrastinine,  472 
Hydradn,  43^ 

acett^-phenySf  438 

ethyl.  433 

phenyl,  43S 
H>Tlra2oncs,  363,  4S0 
Hydrobilirubin.  508 
Hydrocarbon  racficals,  399 
^  cyanides  of,  393 

sulphur -derivatives,  389 
Hydrocarbons,  151,  295 

aliphatic,  ^01 

benzene,  407 

homologous  series  of,  296 

nitro-derivatives,  389 

nomenclature  of,  300 
Hydrogen,  102 

alcoholic,  313 

ammonium  carbonate,  231,  528 

and  nitrogen,  154 

and  oxygen,  124 

antimoniuretted,   180 
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Hydrogjcn  arsenide,  171 

arseniu  retted,  171 

basic,  86 

bromide,  115 

chloride,  no 

dioxide,  135 

disodium  phosphate,  317 

fluoride,  108 

nascent,  105 

oxide,  151 

peroxide,  135,  525 

phosphoretted,  166 

sodium  carbonate,  317 
phosphate,  217 

sulphate,  i44t  215 

sulphide,  151 

sulphuretted,  140,  518 
Hydrometer,  5 

Twaddell,  5 
Hydronaphthol,  419 
Hydropotassium  oxalate,  227 

sulphate,  226 
Hydropotassium  tartrate,  227 
Hydroquinone,  421 
Hydroxide,  86 
Hydroxy lamin,  396 
Hydroxyhydroquinonc,  423 
Hydroxy-prolin,  488 
Hygroscopic,  68 
Hyoscine,  469 

hydrobromide,  467 
H>'ocyamine,  467 

hydrobromide,  467 

sulphate,  467 
Hyperisotonic  solution,  65 
Hypnal,  437 
Hypnon,  425 
Hypochlorites,  136 
Hypo-isotonic  solution,  65,  368 
Hy|X>nitrous  oxide,  157 
Hyposthenisants,  512 
Hyposthesis,  definition  of,  i 
Hypoxanthin,  442,  480 

I. 

Ice,  128 

Iceland  spar,  247 

Ichthulin,  500 

Ichthyol,  433 

Igniting  point,  120 

Illuminating  gas,  518 

I  mid,  benzoyl-sul phonic,  433 

Imids,  309 


Incompatibles,  518 
India-rubber,  450 
Indican,  440,  482,  507 
Indicators,  575 
Indigo,  507,  658 

-blue,  440 

-carmine,  440 
test,  639 

-red,  441 
Indigotin,  440 
Indirubin,  441 
Indol,  439 

methyl-,  439 
Indoxyl,  439,  647 

-sulphates,  4^9,  647 

-sulphuric  aad,  440,  647 
Induction,  42 

coil,  56 

electrical,  38 
Indurite,  338 
Inebriants,  516 
Inertia,  6 
Infusion,  135 
Inosite,  331 
Insulators,  41 
Inulasc,  535 
Invert-sugar,  332 
Invertase,  535 
Invertin,  333 
Iodine,  115,  137,  05 

compound  solution,  116 

oxides,  137 

tests  for,  117 
Iodoform,  3 1 1 
lodol,  455 
lodopyrin,  437 
lodothyrin,  491 
Ions,  59,  82,  83 
Iridium,  275 
Iron,  275 

ammonio-citrate,  281 

and  ammonium  tartrate,  281 

and  potassium  tartrate,  281 

and  quinine  citrate,  281 

and  str\'chnine  citrate,  28 » 

cast,  276 

chrome,  260 

citrates,  281 

oxides,  278 

persulphate,  514 

phosphates,  279,  281 

pig,  276 

protosulphate,  278 


^2o 

Iron,  pure,  277 

pyrophosphate,  281 
scale  compounds  of,  281 
sulphates,  278,  280 
tartrates,  279,  281 
wrought,  276 

irritant  poisons,  511 

'sobutane,  313 

sologous  series,  296 

solucin,  488 

somaltose,  335 

someric  bodies,  297,  298 

somerLsm,  297 

joquinolin,  456 

Kjtonic  solution,  65 


iLAP,  451 
lapin,  482 
velle  water,  225 
colein,  354 
quirity,  477 
welers'  rouge,  280 
ule,  48 


kIRIN,  456 
iroh'n,  456 
iium,  220 

fyr,  334 

ratin,  495 

rosene,  305 

tone  group,  331 
phenyl-methyl,  425 

tones,  370 
aromatic,  425 
dimethyl,  370 
diphenyl,  425 
ethyl-methyl,  370 
hydroxy-,  370 
phenyl-ethyl,  425 
phenyl-propyl,  426 

OSes,  329 

ierite,  252 

imiss,  334 

pton,  106 


ARRAQUE's  Solution,  219 
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Labdanum,  451 
Lac  dye,  451 
Lactalbumin,  596 
Lactase,  535,  640 
Lactation,  609 
Lactodensimeter,  603 
Lactoglobulin,  596 
Lactometer,  5,  603 
Lactosazone,  phenyl-,  314 
Lactoscope,  603 
Feser's,  603 
Lactose,  ^^^ 
in  milk,  596 
in  urine,  640 
Lamp-black,  188 
Lana  phiiosophica,  257 
Lanoline,  352 
J-ard,  355 
Lardacein,  495 
Laudanum,  516 
Laughing-gas,  157 
Laurent's  polarimeter,  34 
Law  of  Ampere,  12,  73 

of  Avogadro,  12,  6s.  7^ 
of  Berthollet,  93  ^ 

of  Boyle,  10 
of  Charles,  11 
of  Gay-Lussac,  11 
of  Graham,  15 
of  Mariottc,  10 
of  Ohm,  53 
periodic,  100 
Leaching,  135 
Lead,  204,  515 
acetates,  208 
binoxide,  206 
black,  187 
carbonate,  207 
chlorides,  205 
chromatc,  208 
dioxide,  206 
iodide,  205 
nitrate,  207 
oxides,  206 
peroxide,  206 
plaster,  206,  362 
poisonous  action,  208 
protoxide,  206 
puce-oxide,  206 
red,  206 

sugar  of,  208,  515 
sulphate,  207 
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Lead,  sulphide,  207 

white,  207,  515 
Lecithin,  350 
Lecitho-proteins,  50a 
Legal 's  test,  642 
Legumin,  506 
Lepidolite,  211 
Leucin,  404,  487,  488,  657 
Leucosin,  493 
Lev-ulose,  331,  640 
Light,   23 

chemical  eflfects  of,  30 

color  and  intensity  of,  24 

double  refraction  of,  33 

physiological  eflfects  of,  31 

polarization  of,  31,  ^^ 

refraction  of,  25 

transmission  of,  24 
Lignin,  339 
Lime,  244 

chloride  of,  244 

chlorinated,  244 

milk  of,  245 

slaked,  245 

stone,  243,  252 

superphosphate  of,  247 

water,  245 
Limonene,  445 
Limonite,  275 
Linalool,  449 
Linimentum  ammonue,  362 

calcis,  362 

saponis,  362 
Lipaciduria,  643 
Lipase,  538 
Lijxxrhrin,  509 
Liquid  state,  9 
Liquor,  135 

acidi  arsenosi,  174 

ammonia?,  155 
acetatis,  232 

arsenii  et  hydrargyri  iodidi,  173 

calcis,  245 

saccharatus,  245 

chlori  compositus,  no 

ferri  chloridi,  279 
nitratis,  135 
perchloridi,  279 
pemitratis,  281 
subsulphatis,  280 
tersulphatis,  280 

magnesia  carbonatis,  254 
citratis,  i5S 

47 


Liquor,  mother-,  68 

phimbi  subacctads,  135,  208 

potassii  arscnits,  174 
hydroxide,  223 

sodx  chlorinate,  219 

phosphatis  comp^  218 

sodii  arsenatis,  174 
Liquorice  sugar,  4iS2 
Liquors,  distilled,  319 

fermented,  319 

malt,  319 
Liter,  7 
Litharge,  206 

Lithic  add  (uiic  add),  443,  629 
Lithium,  211 

benzoate,  212 

bromide,  211 

carbonate,  2x1 

chloride,  211 

dtrate,  212 

oxide,  211 

salicylate,  212 
Litmus,  507 
Liver  of  sulphur,  224 
Lixiviation,  135 
Lobelia,  517 
Logwood,  507 
Lugol's  solution,  116 
Lunar  caustic,  239,  515 
Lysin,  405,  487,  488 
Lysins,  478 
Lysol«  416 

M. 

Maceration,  135 
Madder,  artificial,  411 
Magnesia,  253 

alba,  254 

calcined,  253 

levis,  253 

milk  of,  253 

ponderosa,  253 
Magnesite,  252 
Magnesium,  252,  527 

carbonate,  254 

chloride,  253 

dtrate,  255 

hydroxide,  253 

limestone,  252 

oxide,  253 

phosphates,  254,  655 

sulphate,  253 
Magnetic  force,  37 
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Magnetic  needle,  37 

thtxify  oi,  39 
Magnetite,   a  75 
Magncto-tI«.iridly,   58 
Magnets,  electro-,  38 

poles  of,  37 

projierties  of,  37 
M.Jii!  hitc,  ij3,  236 
Malt  extract,  534 
Mallase,  535 

Maltosazone,  phenyl-,  334 
Maltose,  334 
Manganates,  274 
Manganese,  273 

oxides,  274 
Manganic  compounds,  274 
Manganitc,  273 
Manganous  carbonate,  273 

chloride,  273 

compounds,  273 

hydroxide,  273 

oxide,  273 

sulphate,  273 

sulphide,  273 
Manna,  325 

dulcite,  326 
Mannite,  325 
Mannitol,  325 
Mannose,  325,  330 
Marble,  243.  247 
Mariotte,  law  of,  10 
Marsh'gaSf  303 
Mass,  definition  of,  2 
Massicot,  206 
Mastic,  451 
Matter,  definition  of,  i 

divisions  of,  2 

radiant,  13 

three  states  of,  8 
Maumen^'s  test,  358 
Meconium,  588 
Meerschaum,  252 
Mcliitun*  64Q 
MrkinngcTi,  649 
Melting  point,  17 
Menthol,  449 
Mcrcaptalj  390 
Mercaptans,  389 
Mercaptids,  389 
Mercaptol,  390 
Mcrcur-amidogcn  chloride,  260 

-ammonium  chloride,  262 


Mercurial  tremors,  364 
Mercuric  chloride,  261 

compounds,  261 

iodide,  263 

mercaptid,  390 

nitrate,   261 

oxide,  263 

sulphate,  263 

sulphide,  264 

sulphocyanate,  264 
Mercurous  chloride,  260 

compounds,  260 

iodide,  260 

nitrate,  261 

oxide,  261 

sulphate,  261 
Mercury,  259 

ammoniatcd,  262 

colloidal,  259 

fulminate  of,  393 

physiological  actioii,  264 

tests,  265 
Metabolism,  544 
Mctacresoln  416 
Melaldcbydc,  366 
MetEillolds,  99 
Metals,  99 

alkali,  211 

of  group  I,  211 

of  group  II,  242 

of  group  III,  252 

of  group  IV,  265 

of  group  V,  269 

of  group  VI,  269 

of  group  VII,  273 

of  group  VIII,  275 

of  the  alkaline  earths,  24a 

platinum,  283 
Metaproteins,  503 
Metarabin,  341 
Meter,  6 
Methane,  302 

monobrom-,  311 

monochlor-,  308 

trichlor-,  308 
Methemoglobin,  501 
Methyl-acetanilid,  435 

-alcohol,  315 

-amins,  396 

bromide,  311 

ether,  293,  343 

-glycocol,  4^3 

-guanin,  480 

-indol,  439 
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Methyl  nitrate,  345 

oxide,  ^42 

-oxyquinolin,  456 

-pyridin,  455 

-pyrocatechin,  421 

salicylate,  345,  430 

-xanthins,  444 
Metric  system,  6 

use  in  prescriptions,  8 
Mica,  267 
Micromillimeter,  7 
Micron,  7 
Microzimes,  539 
Milk,  590 

adulterations  of,  60a 

analyses  of,  591,  592 

bacteria  in,  598 

butter-,  614 

certified,  601 

composition  of,  591 

condensed,  610 

digestion,  605 

enzymes  of,  594 

extractives,  594 

fore-,  593 

germicidal  action,  6ox 

in  disease,  602 

laboratories,  608 

modified,  607 

of  lime,  245 

preservation,  602 

preserved,  612 

proteids,  595 

reaction,  598 

salts,  597 

separated,  613 

skim-,  613 

sterilized  or  Pasteurized,  606 

sugar  (lactose),  333,  597 

testing,  603 
Milliampere,  47 
Milliampere-meter,  48,  49 
Mindererus,  spirit  of,  23a 
Mineral  green,  236 

waters,  134 

wax,  306 
Minium,  206 
Mispickel,  170 
Mitis  green,  236 
Mobility,  3 
Molasses,  332 
Molecular  attraction,  5 

concentration,  65 


Molecular  weights,  76,  77 
Molecules,  2,  70 

and  atoms,  multiplication  of,  80 

atomicity  of,  75 

binary,  85 

classified,  85 

composition  of,  297 

compound,  70,  85 

constitution,  297 

definition  of,  2,  70 

elemental,  70 

gaseous,  12,  74,  97 

number  of  atoms  m,  75 

salt,  85 

size  and  weight  of,  13 

ternary,  85 

weight,  76 
Molybdenite,  271 
Molybdenum,  271 
Molybdic  trioxide,  271 
Monacetin,  349 
Monocalcium  phosphate,  247 
Monochlorhydrin,  324,  348 
Monochlorphenol,  415 
Monoformin,  349 
Monosaccharids,  327 
Monosodium  phosphate,  218 
MonsePs  solution,  280 
Morphine,  471 

acetate,  471 

hydrcchloride,  471 

sulphate,  471 
Morriiuin,  354 
Mortar,  244 

hydraulic,  245 
Motility  of  stomach,  580 
Mountain  green,  236 
Mucilage,  vegetable,  341 
Mucin,  494,  498 
Mucoids,  498,  635 
Mucous  corpuscles,  659 
Murexid,  406 
Muscarin,  397,  476 
Muscular  energy,  source  of,  568 
Mustard,  513 
Mutton  suet,  355 
Mycoderma  aceti,  374,  540 
Myoglobulin,  503 
Myosin,  503 
Myosinogen,  503 
Myrosin,  536 
Myrrh,  452 
Mytilotoxin,  477 
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axHA,  304 

ithalenc,  192,  411 

ilhencs,  412 

tithol,  418 

salicylate,  432 

Kthophcnols,  418 

(ithopyrin,  437 

Kthoquinone,  426 

:eine,  464 

:otics,  516 

:otine,  464 

ent  state,  102 

ve  proteins,  490 

ium,  212 

iral  science,  definition  of,  i 

Ksidin,  498 

1,  106 

^n»  397»  476 

ro-keratin,  495 

rotics,  516 

:rals,  85 

ivied er  green,  236 

olite,    282 

el,  282 

compounds,  282 

glance,  282 

elic  hydroxide,  282 

oxide,  282 

elous  chloride,  282 

cyanide,  282 

hydroxide,  282 

sulphate,  282 

sulphide,  282 

•tine,  455,  466 

ites,  131 

r,  225 

sweet  spirit  of,  346 

ic  anhydride,  156 

oxide,  158 

Is,  393 

iso-,  393 

ites,  131,  159 

Dbenzene,  434,  516 

3-ethane,  346 

3gen,  147,  289,  524 

and  hydrogen,  154 

assimilation  of,  521 

chloride,  156 

dioxide,  158,  159 

poup,  147 

iodide,  156 


Nitrogen  monoxide,  157 

peroxide,  156 

protoxide,  156 

ratios,  630 

tetroxide,  156 

total,  630 
Nitroglycerol,  324 
Nitromuriatic  acid,  113 
Nitrosites,  445 
Nitroso-chlorides,  445 
Nitrous  anhydride,  156 

fumes,  518 

oxide,  156,  516 
Nomenclature,  87 

examples  of,  88 

irregularities  in,  91 

of  alkaloids,  457 

of  hydrocarbons,  300 

of  organic  compounds,  298 

rule  for,  87 

simplified,  89 
Non-metals,  100 
Nonoses,  326 
Nucleins.  496,  497 
Nucleo-albumins,  497,  635 

-proteins,  496 
biliary,  500 
urinary,  500 
Nutrition,  542 
Nux  vomica,  517 

O. 

Occlusion,  104 
Octoses,  326 
Ohm,  46 

international,  47 
Ohm's  law,  53 
Oidium  albicans,  540 
Oil,  almond,  352 

apple,  322 

bcnne,  356 

carron,  362 

castor,  354 

cinnamon,  445 

cod-liver,  353 

cottonseed,  353 

croton,  355 

dead,  192 

elemi,  451 

flaxseed,  353 

fusel,  321 

heavy,  192 
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Oil,  hempseed,  356 

illuminating,  305 

jumper,  445 

lard,  352 

lemon,  445 

light,  192 

linseed,  353 

mineral  sjKTm,  305 

nt-at's-foot,  356 

of  bergamot,  445 

of  cade,  353 

of  cloves,  446 

of  cubebs,   446 

olive,  354 

orange-peel,  445 

palm,  356 

peanut,  355 

pear,  322 

pepper,  445 

poppy-seed,  3J6 

sesame,  or  teel,  356 

sperm,  356 

tallow,  356 

tanners',  353 

walnut,  .^i?6 
Oils,  wiviii^  Nji  ^^i^ native,  350 

essentia],  445 

fixed,  3so>  JsS 

lubricating,  305 

official,  351.352 

sweet  principle  of,  322 

table  for,  360 

volatile,  350,  445 
Olefines,  306 
Oldn,  350 
Oleomargarine,  356 
01eoj)tenes,  446 
Oleoresins,  450 

Oliver's  test  for  biliary  acids,  644 
Opium,  516 
Orcin,  421 
Orcinol,  421 
Organic    bodies    containing    nitrogen, 

3g2  ! 

chemistry,  definition  of,  285      1 
classification,  2qq  I 

constitution  of,  202,  207  i 

nomenclature  of,  2q8  ! 

polariscopic     examination   of, 

qualitative  examination  of,  288  j 
speitroscopic  examination  of, 

288  I 


Org^^nic  bodies,  synthesis  of,  301 

radicals,  299 
Organisms  in  water,  133 
Omithin,  405,  487 
Orpimtnt,    70 
Orthocresolt  4»6 
O&azonesi  3281  438 
Osmium,  284 

trlroxide,  284 
Osmo^is^  64 
Osmolir  pressure,  65 
^^^ssein,  503 
Oxacids,  89 
Oxalurea,  405 
Oxidases,  533,  538 
Oxidation,  121 
Oximes,  368 
03c>gcn,  1 18 
OxyhcRloglobirv,  501 
Ozokerite.  306 
Ozooe.  75.  taa 

tests,  123 


Palladium,  275 
Falmitint  ^50 
Palsy,  ^baking,  264 
Paticn?atic  fluid,  5 82 
Pancreatb,  537 

diaslaj&k  value  of,  534 
Papain,  537 

Papaverine,  461,  464,  470 
Papoid,  537 
Paracasein,  499 
Paracresol,  416 
Paradox,  culinary,  18 
Paraffin,  306 
Paraffins,  301 

neo-,  303 

normal,  303 
Paraformaldehyde,  364 
Vir  11  htliulb,  49a,  634 
!\ir,»ldt'hvdc»  366 
PiirAimicm*  4^8 
F.iranucleii-fmHHns,  4g8 
Panixanthin,  444,  480 
P;ifihmeTit  paper,  1 15,  339 

I*aris  grcH^n,  236 
Pearl  ash,  225 
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s^'»  538 
tcs,  341 

»,  341 

bitwcs,  327 
sans,  328 
ses,  328 
3»536 
is,  506 
ne,  505»  635 
nes,  505,  506 
1  urine,  635 
lation,  135 
inganates,  274 
ine,  472 
atum,  305,  306 
cum,  304 
istillates,  304 
ikoffcr's  test,  407 
lectin,  436 
izonc,  436 

>I,  413 

iatomic,  419 
lonochlor-,  415 
riatomic,  422 
ribrom-,  415 
rinitro-,  415 
)Iphthalcin,  430 
)pyrin,  437 
^lalanin,  488 

^I-dimethyl-pyrazolon,  436 
sthylamin,  488 
Bjlucosazonc,  330 
hydrazin,  438 
lactosazonc,  334 
maltosazone,  334 
salicylate,  430 
urethanc,  432 
ctin,  483 
idzin,  483 
oglucin,  422 
oglurol,  422 
)hatcs,  earthy,  622 
)hin,  166 
)ho-protcins,  498 
>horescence,  163 
)horic  pentoxidc,  127 
)horus,  162,  516 
nhydridc,  167 
nonoxidc,  167 
•xides,  168 
(xybromide,  166 
(xychloride,  166 
>entachloride,  166 


Phosphorus,  pentoxidc,  167 

physiological  action,  164 

red,  163 

tetroxide,  167 

thiobromide,  166 

trichloride,  166 

trioxide,  168 
Phosphotungstic  acid,  487 
Phycite,  325 
Phjrsical  forces,  3 

science,  de&nition  of,  i 
Phjrsidan,  duty  of,  in  poisoning,  175 
Physics,  I 

chemical,  8 
Physostigmine,  473 
Pialin,  538 
Picnometer,  4 
Picolins,  455 
Picrotoxin,  483 
Pigments,  blood,  503 

urinary,  645 
Pilocarpine,  474 

hydrochloride,  474 
Pinene,  445 
Pipcrazin,  398 
Piperidine,  455,  466 
Piperine,  466 
Plant  syntheses,  521 
Plaster,  lead,  362 
Plaster-of-Paris,  246 
Platinum,  283 

compounds,  284 

metals,  283 

sponge,  284 

tetrachloride,  284 
Plumbago,  187 
Plumbates,  206 
Plumbic  anhydride,  206 
Plumboso-plumbic  oxide,  206 
Plummer's  pills,  182 
Podophyllin,  451 
Poison,  509 

food,  480 

meat,  480 
Poisoning,  treatment,  512 

symptoms,  479,  510 
Poisonous  foods,  515 

gases,  511,  518 

proteids,  477 
Poisons  and  their  antidotes,  1 76,  509 

corrosive,  511,  514 

deliriant,  511,  517 

emetic,  515 

inorganic,  179 
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Poisons,  irritant,  512,  514 

meat,  479 

neurotic,  511,  516 

organic,  179 

septic,  512 

special,  513 
Polarimeter,  Laurent's,  34 
Polariscope,  34 
Polarity  of  atoms,  77 

of  the  elements  of  batteries,  52 
Polarization  oi  plates,  50 

plane  of,  34 

rotation  of,  34 
Poles,  55 
Polonium,  72 
Polychroite,  483 
Polj-meric  boidies,  298 
Polymerism,  298 
Polypeptids,  506 
PoU-saccharids,  335 
Populin,  483 
Porositj',  6 
Potash,  222 

binoxalate  of,  227 

by  alcohol,  223 

caustic,  223 

red  pnissiate,  198,  222 

yellow  pnissiate,  198,  222 
Potassium,  183,  220 

acetate,  227 

antimonyi-tartrate,  228 

arsenite,  174 

bicarbonate,  226 

bisulphate,  226 

bromide,  221 

carbonate,  225 

chlorate,  224 

chloride,  221,  527 

chroma te,  227 

chrome  alum,  269 

c>'amde,  222,  515 

dichromate,  226,  513 

ferricyanide,  222 

ferroc>*anide,  222 

fluoride,  222 

haloid  salts  of,  221 

hydroxide,  223 

hypochlorite,  224 

indoxyl-sulphate,  439 

iodide,  221 

manganate,  274 

mercuric  iodide,  633 

nitrate,  225 


PoCassium,  nialarrs,  227 

oxide,  22^ 

peotasulphide,  224 

perchksrate,  224 

permangajoate,  275 

peroxide,  223 

quadroxjiale.  2.27 

salts,  224 

skatoxyl-sulphate,  440 

sulphates,  226 

sulphides,  223 

sulphites,  226 

sulphocyanale,  2J9 

tartrates,  227 
Potato-spirit,  321 
Potential,  4^ 
Powder  of  algaroth,  181 

putty.  204 
Power,  electrical  hone^,  47 

rotatory.  36 

the  specific  56 
Precipitins,  479 
Pressure,  standard  of,  i  f ,  12 
Prism,  Nicol,  ^$ 
Prolm,  488 
Propane,  303 
Propeptooes,  634 
Propylamin,  $g'j 
Protagon,  324 
Protamins,  490,  495 
Protargol,  240 
Proteans,  502 
Proteins,  484.  595 

acid,  504 

alkalil504 

chroroo-,  500 

dassificatioQ  oi,  489 

coagulated,  491,  504 

compound,  490,  496 

conjugate,  496 

constitutioo  of,  487 

definition  of,  487 

derived,  491,  502 

digestion  of,  579 

general  properties,  485 

native,  490 

nudeo-,  490,  496 

poisonous,  477 

reactions  of,  489 

respiratory,  500 

sclero,  493 

simple,  490,  491 

table  of,  486 

whey,  499 
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rotcoses,  504 
rothrombin,  502 
rotoplasm,  529 
roximatc  analysis,  523 

principles,  523,  544 
russian  blue,  222 
russic  arid,  iq8 
scudomorphinc,  465 
seudonuclcins,  498 
seudonijirteoproteins,  498 
»eudoxanthin,  481 
tomaines,  474 

in  urine,  645 

physiological  action,  475 
tyalin,  570 
urin,  441 

amido-,  442 

dioxy-,  442 

oxy-,  442 
urins,  441,  628 
urple  of  Cassius,  242 
us  in  urine,  636,  659 
utrescin,  398,  477 
yocyanin,  509 
yrcthrum,  451 
yridin,  454 

bases,  454 
yrimidin,  481 
yrocatechinol,  420 
yrogallol,  423 
yrogallopyrin,  437 
yrolusite,  273 
)Tometers,  22 
yromorphite,  204 
yrox>'lin,  240,  338 
yrrol,  454 


>UANTIVALENCE,  78 

[uartz,  201 

luercitannic  acid,  484 

[uercitrin,  483 

[uieting  cordials,  516 

[uinidine,  470 

Quinine,  469 

bisulphate,  469 
hydrobromide,  470 
hydrochloride,  470 
sulphates,  469 
valerate,  470 

^uinolin,  456 
bases,  456 

Jmnoncs,  426 


R. 

Radicals,  82 

compound,  82,  299 

organic,  299 

simple,  82 
Radiometer,  14 
Radium,  72,  272 
Raffinose,  335 
Ration,  daily,  555 

soldier's,  555 

weight  and  volume,  556 
Ray,  ordinary  and  extraordinary,  33 

polarized,  31 
Reaction,  Adamkiewicz*s,  489 

biuret,  489 

Ehrlich's,  644 

equilibrium,  93 

Liebermann*s,  489 

Millon's,  489 

Rosenbach's,  632 

velocity,  92 

xanthoproteic,  489 
Reactions,  92 

flame,  232 

reversible,  93 

rules  for  writing,  93 

synthetical,  301 

wet,  233 
Reagent,  definition  of,  92 

Barfoed's,  328 

Briicke's,  489 

DragendoriFs,  458 

FrOhde's,  456 

Marme's,  458 

Mayer's,  458 

Millon's,  489 

Stokes's,  500 

Wagner's,  458 
Realgar,  170 
Red  crocus,  280 
Reduction,  105 
Reinsch's  test,  177 
Rend-rock,  325 
Renal  insufficiency,  649 
Rennet,  537 
Rennin,  537,  579 
Resin  soap,  45 1 
Resins,  446,  450,  452 

fossil,  452 

gum,  451,  452 

oleo-,  452 
Resopyrin,  437 
Resorcin,  420,  575 

phthalcin,  421 
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Rcsorcin,  physiological  action  of,  420 

solution,  575 

test,  420 
Resorcinol,  420 
Respiratory  proteids,  500 
Reticulin,  495 
Rhamnohexitol,  326 
Rhamnose,  327 
Rheadinc,  465 
Rheophores,  55 
Rhigolene,  304 
Rhodium,  275 
Rhodochrosite,  273 
Ribose,  328 
Ricin,  477 
Robin,  477 
Rochcllc  salt,  228 
Rosin,  447 

Rotation,  specific,  36 
Rottlerin,  451 
Rouge,  jewelers',  280 
Rubidium,  229 

-ammonium  bromide,  230 

iodide,  230 
Ruby,  267 
Rum,  319 
Rust,  277 
Ruthenium,  275 

s. 

SACtHARATES,  333 

Saccharids,  326 

classification,  326 
Saccharimcters,  34 
.Saccharin,  433 
S%accharomyces  albicans,  540 
Saccharose,  332 
5>accharum  lactis,  333 
Saffron,  507 
Sal  ammoniac,  230 

volatile,  231 
Salacetol,  431 
Saleratus,  226 
Siilicin,  424,  429,  483 
Salicylal,  425 
Salicylates,  429 
Saligenin,  424 
Salipyrin,  436 
Saliva,  com|H)sition  of,  570 

uses  of,  571 
Salmin,  405 
Salol,  430 

camphor,  432 
Salophen,  431 


Salt,  common,  213,  513 

Epsom,  253 

Glauber's,  215 

of  lemon,  227 

of  Saturn,  208 

of  sorrel,  227 

Rochelle,  228,  385 
Saltpeter,  225 

Chili,  218  .^ 

Salts,  85 

acid,  86,  169 

basic  or  sub-,  86 

binary,  85 

double,  86,  169 

metallic,  515,  525 

normal,  86,  169 
Santonin,  483 
Sapo  mollis,  362 

Wridis,  362 
Saponification,  323,  345 
Saponin,  483 
Sapphire,  267 
Sarcosin,  403 
Saturated  solution,  62 
Scale  compounds  of  iron,  281 
Scales,  thermometric,  22 
Schecle's  green,  174,  236 
Schulite,  272 
Schweinfurt  green,  236 
Science,  definition  of,  i 

natural,  i 

physical,  i 
Scombrin,  495 
Secretin,  537 
Sediment,  stomach,  581 

urinary,  650 
Selenium,  147 

Semipermeable  membrane,  65,  531 
Sericin,  505 
Series,  homologous,  296 

isologous,  296 
Serin,  487,  488 
Scrolin,  588 
Serpentine,  252 
Serpents,  Pharaoh's,  264 
Serum,  protective,  458 
Shell-lac,  451 
Siderite,  275 
Silicates,  202 
Silicic  anhydride,  3oi 

hydride,  201 

oxide,  201 
Silicium,  201 
Silicon,  201 
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silicon,  amorphous,  aoi 

crystallized,  201 

graphitic,  201 

nitride,  201 

sulphide,  201 
Silk,  artificial,  338 
Silver,  238 

ammonio-nitrate  of,  178 

bromide,  239 

chloride,  238 

cyanide,  240 

fulminate,  317 

iodide,  239 

nitrate,  239,  514 

organic  compounds,  240 

oxides,  239 

peroxide,  239 

salts  in  photography,  240 

suboxide,  239 
Hkatol,  439,  648 
Skatoxyl,  440,  648 
Slag,  276 
Smaltite,  282 
Smithsonite,  255 
Soaps,  361 

ammonia,  362 

green,  362 

hard,  361 

lead,  362 

lime,  362 

resin,  451 

soft,  361 

white  Castile,  or  sapo,  362 
Soapstone,  252 
Soda,  216 

ash,  216 

process,  216 

caustic,  214 

lime,  289 

lye,  214 

sal,  216 

washing,  216 

water,  194 
Sodii  arsenas,  219 

benzoas,  219 

nitras,  218 

phenolsulphonas,  220 

sulphocarbolas,  220 
Sodium,  212 

alizarln-sulphonate,  427 

benzoate,  219 

bicarbonate,  217 

bisulphatc,  215 


'  Sodium,  bisulphite,  215 

borate,  218 

bromide,  213 

carbonate,  216 
neutral,  a  16 

chlorate,  219 

chloride,  213,  526 

cresotate,  430 

hydrate,  213 

hydroxide,  213 

hypobromite,  137 

hypochlorite,  219 

hyposulphite,  215 

iooide,  213 

neutral  phosphatesi  217 

nitrate,  21S 

oxides,  91s 

paracresotate,  430 

peroxide,  213 

phosphates,  217 

potassium  tartrate,  228 

pyroborate,  218 

pyrophosphate,  218 

salts,  physiological  action  of,  22< 

sulphates,  215 

sulphite,  215 

sulphocarbolate,  220 

tetraborate,  218 

thiosulphate,  215 

tungstate,  272 
Solanin,  481,  484 
Solanidine,  484 
Solids,  289 
Solute,  62 
Solution,  62 

Fehling*s,  235,  330,  638 

freezing  point  of,  18,  291 

Haines's,  638 

hyperisotomc,  66,  527 

hypo-isotonic,  66,  527 

isotonic,  66 

Lugol's,  116 

Monsel's,  280 

normal,  590 

NylandePs,  639 

saturated,  62 

supersaturated,  62 
Solutol,  416,  417 
Solvay's  process,  216 
Solvent,  62 

immiscible,  286 

selected,  use  of,  286 
Solveol,  416,  417 
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Somnil.  347 
Soot.  1S7 
Sorlin.  331 
Sorbinos*-.  327,  331 
Sorbite,  326 
Sorbitol.  326 
Spar,  hea\y-.  251 
Sparteine.  465,  474 
Specific  gravity,  2 
Spectra,  absorption,  29 
Spectroscope,  25 
Spectnim,  25 

analysis,  28 

continuous,  26 

solar,  28 
Spelter.  255 
Sphalerite,  255 
Spiegeleisen,  273 
Spirit.  31S 

Columbian,  315 

methylated,  316 

of  Mindererus,  232 

uf  nitre,  346 

proof,  318 

wood,  316 
Spiritus  glycerylis  nitratis,  325 
Spongin,  495 
Sprue,  540 
Stannum,  202 
Starch,  335 

digestion  of,  579 

paste,  337 
Steapsin,  538 
Stearin,  350 
Stearoptenes,  446 
Steel,  276 

Bessemer,  276 
Stercobilin,  508,  588 
Stibin,  180 
Stibnite,  180 
Stings,  517 
Stochiometry,  95 
Stolzite,  272 
Stomach,  acidity  of,  574,  576 

absorption,  580 

ferments  of,  579 

motility  of,  580 

tube,  512 
Stone,  blue,  235 
Storax,  453 
Stout,  319 
Stramonium,  517 
Stripping^  593 


Mronti:ir."te.  rjo 
Sircintiuni,  24 1, 

acetate,  250 

bromide,  240 

carK.-^n::Te,  250 

chloride.  24Q 

iodide,  240 
I  lactate,  250 

'  nitrate,  250 

oxides,  250 

phosphate,  250 

sulphate.  250 
StrophaJnthin,  484 
Strychnine,  46S 
Snirin,  405 
Styrooe,  424 

Sublimate,  corrosive.  261,  515 
Sublimation,  19 
Substitution  products,  500 
Succus  entczicus,  5S3 
Sucrates.  333 
Sucrose,  332 
Sugar,  barley,  332 

cane-,  $^2 

grape-.  3^»  637 

in  urine,  637 

invert-^  332 

licorice-,  482 

malt-,  334 

milk-,  333.  597 

of  lead,  20S 
Sugars,  326 
Suine,  357 
Sulphaldehyde,  366 
Sulphates,  145 

in  urine,  623 

tests  for,  146,  623 
Sulphocarfoonates,  197 
Sulphocyanates,  229 
Sulphonal,  390 
Sulphur,  137,  289 

flowers  of,  138 

liver  of,  224 

roll,  138 
Sulphuretted  hydrogen,  140 
Sulphuric  anh}*dride,  144 

ether,  343 
Sulphurous  bromide,  142 

chloride,  142 

iodide,  142 

oxide,  142,  151.  518 
Superphosphate  of  lime,  247 
Sylvite,  220 
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naptasc,  535 
ncopants,  516 
nthesis,  animal,  523 

of  organic  compounds,  301 

plant,  521 
nlonin,  503 
ruj),  ifK-cacuanha,  513 

scxnhing.  516 

s{K*(*itic  gravity  of,  8 

T. 

VBLE  of  Ix'havior  of  soluble  proteins, 
486 

of  chemical  elements,  71,  72 

of  compound  radicals,  82,  299 

of  diet,  550 

of  electrochemical  series,  78 

of  enzymes,  543 

of  equivalent  measures,  677 

of  identification  of  principal  fixerl 
oils,  360 

of  indicators,  575 

of  milk  mixtures,  611 

of  solubility  of  chemicals,  680 

of  specific  gravities,  678 

of  wave-lengths,  25 

of  weights  and  measures,  674 
lie,  252 
illow,  356 
innin,  484 
inret's  test,  633 
intalum,  269 
irtar,  cream  of,  228,  384 

crude,  228 

emetic,  183,  385,  514 

soluble,  227 
lurin,  406 
illurium,  147 
'mperature,  critical,  9,  119,  194 

definition  of,  21 

optimum,  532 

standard,  12 
»rebene,  447 
»rpenes,  444 
irpin  hydrate,  448 
:'rpinene,  448 
?rra  alba,  246 
:'st,  Bettendorff's,  179 

bismuth,  638 

Boas's,  577 

Dcnnigbs's,  642 

Donne's,  637 

Ehrlich's,  644 

elaidin,  359 


Test,  Ewald's  saJol,  581 

Fleischer's,  581 

Fleitmann's,  178 

Gmclin's,  644 

guaiacum,  636 

CiUnzburg's,  577 

Gutzeit's,  179 

Heller's,  632,  635 

Legal's,  642 

Marsh 's»  177 

meal,  573 

Moore's,  639 

Nylander's,  639 

Oliver's,  644 

Pettenkofer's,  407 

Reinsch's,  177 

Tanrel's,  633 

Trommer*s,  637 
Tetanin,  477 
Tctrahydrobenzene,  412 
Tctraiodopyrrol,  455 
Tetramethyl-ammonium  hydroxide,  397 
Tetroscs,  326 
Thallin,  456 
Thebainc,  462 
Theobromine,  444,  472 
Theory,  definition  of,  i 
Therapin,  354 
Thermal  unit,  17,  547 
Thermometers,  22 

clinical,  23 
Thioarsenites,  173 
Thiophenol,  432 
Thrombase,  502,  503,  538 
Thrush,  540 
Thymin,  480 
Thymol,  4i7>  44Q 

di-iodo-,  418 
Tin,  202 

chloride,  203,  515 

compounds  of,  203 

foil,  204 

sheet,  203 

Stone,  202 

sulphides,  204 
Tincal,  218 
Tinctures,  318 

specific  gravity  of,  8 
Tolu,  453 
Toluene,  410 

dihydroxy-,  421 
Toluidin,  434 
Torula,  539 
Toxalbumin,  498 
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Toxicological  analysis,  175 
Toxins,  477 

animal,  478 
bacterial,  478 
extracellular,  479 
intracellular,  479 
vegetable,  477 
Trichlorhydrin,  349 
Trlacetin,  349 
Tricalcium  phosphate,  247 
Tricupric  carbonate,  236 
Trilaurin,  349 
Trilinolein,  349 
Trimcthylamin,  396 
Trimethyl-oxethyl-ammonium,  397 

-vinyl-ammonium,  397 
Trimyristin,  349 
Trinitrophenol,  415 
Triolein,  350 
Trioscs,  328 
Tripalmitin,  350 
Triphenylamin,  435 
Triple  phosphate,  655 
Trisaccharids,  326 
Trislearin,  350 
Trommer's  test,  637 
Tropeines,  466 
Tropine,  466 
Tr}'psin,  536,  540 
Tr>ptophan,  487 
Tung>tates,  272 
Tungsten,  272 
Tunicin,  339 
Turmi  ric,  506 
Turnhull's  blue,  222 
Turpfth  mineral,  264 
Tuqx'ntine,  447 
Types,  84 

ammonia,  84,  394 

Inrnzene,  84 

condensed,  85 

hydrochloric  acid,  84 

water,  84,  394 
Typhotoxin,  477 
Ty rosin,  404,  488,  657 
Tyrotoxicon,  477 

u. 

Tffki  mass's  test,  576 
I'mikotT's  reaction,  595 
I'nutientum  iodi,  221 
I'nlt^,  ele(  triral,  47 
I'ranium,  ^72 
I'ratis.  620,  653 


Urea,  400,  625 
detection,  625 
estimation  of,  625 
origin  of,  627 

Urease,  401,  541 

Uremia,  649 

Ureometer,  626 

Urethane,   347 

Urinary  deposits,  650 
pigments,  645 

Urine,  614 

acidity  of,  620 
ash  of,  621 
chlorides  in,  62a 
color,  616 

composition,  615,  667 
general  properties,  6x4 
odor,  621 

phosphates  in,  622 
quantity,  615 
reaction,  619 
specific  gravity,  618 
sulphates  in,  623 
total  solids,  619 
transparency,  6x7 

Urinometer,  5,  618 

Urobilin,  645 

Urochromc,  645 

Uroerythrin,  645 

Urohcmatin,  502,  647 

Urohcmatojiorphyrin,  50a 
Urorosein,  647 

Urotropine,  412 

V. 

VAcasE,  bacterial,  479 
Valence,  78 

variation  in,  81 
Valin,  487,  488 
Vanadium,  269 
Vanillin,  425 
Vapor,  water)-,  in  air,  150 

density,  289 
Vaseline,  306 
Veratrine,  474 
Veniigris,  236 
Vermjlion,  264 
Vinegar,  374 
Visual  purple,  509 
Vitrllin,  4QQ 

I»rotein,  480 
Vitriol,  blue,  235 

gnrn.  278,  515 

oil  of,  144 
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